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ABSTRACT ¢

The object of tuis test was to evaluate the effects of Thermal, Life

1td Mechanical erviromments on 60 Texas Instrument SOLID ”IRCUIL Series
1 integrated circuits, The test specimens - i.e. - SNS10, Flip Flop;
SNS512 "NOR" or "NAND" Gate; and SNS15, "Exclusive "CR" Gate were sub-
Jected to the following environments:

Thermal Sterilization at 1L5°C for 3 cycles.

Thermal Cycling from 125°% to -55°% for S cycles.
Humidity per MIL-E-5272C (ASG) Proceduwre I.

High Temperature Operating Life at 100°C for 2000 hours.
High Vacuum Cperating Life at 1071 mm dg for 500 hours.

Vibration at 35 G's peak for 3 sweep cycles from 30 cps to 3000 cps
in the X, Y and Z directions.

Certain measurement results during Thermal environments were analvzed
by the 2" factorial statistical method. Life epvironment measurements
were analyzed to the JPL Specification ZPP 2040 GEN A statistical for-
mat. Results of this analysis are preserted in Appendix B of the report.

All test specimens passed the thermal environmental tests with a mini~
mum of parameter deviations recorded except units #8, #13 and #18

of the Type SN515 which failed to pass maximum parametric deviatior
criteria during the thermal cveling tests. It should be noted, how-
ever, that the specified units above met specification requirements
supplied by the manufacturer and were functionally qualified units.

All test specimens passed the dual-sequential life test specified in
this report. TIndications of random errors in the operation of the units
were observed but could not be traced to cause, due to limitations in
test circuitry.

All test specimens passed the mecharical envirormental tests specified
in this report.

Test specimens Units #1,#2,#3,#L,#5 47 ,#5,#9,#11,#12,#1L,#15 and #20 of
Type SN510 and Units #8, #10 #13 and #18 of Tvpe SN%lC failed to pass
maximum parametric dev1at10n criteria during the final measurements;
however, the specified units above met manufacturers specification re-
quirements and were all functionally qualified units,

Test specimen Unit #19 of Type SNS10 failed initial tests because of

internal bonding defects. Failure was judged to be the responsibility
of the manufacturer.

It is concluded that the test specimens passed the environmental tests to
which they were subjected. Further testing is recommended, particularly
in the area of monitored active circuit environmental life tests.

Shock at 300 G's, 3 m sec, for - impacts in the X, Y and Z directions.
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1.0 INTRODUCT ION:

i 1.1 Objective:

The objective of this test was to obtain qualifying infor-
mation on the resistance of Texas Instruments Solid Cir-
cuit Networks to thermal, life and mechanical environments.

grated networks (i.e. SNS10, Diffused Silicon Ristable Net-
works S/N512, Diffused Silicon "NOR" or "NAND" Logic Net-
works and S/N515 Diffused Silicon "Sxclusive OR" Network)
when subjected to Thermal "terilization, Thnermal Crcling,
Pumidity, Mechanical “hock and 7ibration environments. The
specimens were also observed during life tests at high temp-
erature and at vacuum environments,

‘ Investigated were the performance of three types of inte-

1.2 chEe:

The test specimen sample size consisted of 20 each of the
S/N 510, S/N512, and SA 515 types. The test design was
intended to subject a segment of the test srecimens to a
sequenced thermal environment of Thermal Sterilization,
Thermal Cycling and :Tumidity; all test specimens to Wigh
Temperature Operating “ife and High Vacuum Operating Iife
and lastly a segment of the test specimens to the mecnani-
cal environments of shock and vibration.

The tests were initiated on 12/1/62 and ended 11/29/63.
A1l tests and measurements were performed at the Libra-
scope Reliability Test Laboratory.
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2.1

2.1.1
2.1.1.1
2.1.1,1.1
2.1.1.,1.2
2.1.1.1.3
2.1.1.1.
2.1.1.2
2.1.1.2.1
2.1.1.2.2
2.1.2
2.1.2.1
2.1.2.1.1

2.1.2.1.2

PARTS DESCRIPTION:

Electrical Characterization:

The electrical parameters designated as design parameters,
characterize the operation of the integrated micrologic
(single substrate) as a functional operational unit, as
opposed to discrete emmpanen® parameter measurements. The
electrical parameters designated as failure analysis para-
meters are based on discrete component characteristics for
unit malfunction analysis, The measurement parameters se-
lected for each circuit are based on engineering judgement
of the significance of these parameters to the areas of pos-
sible malfunction, Also, does the parameter yield suffi-
cient information for analysiss and to indicate tie mode
or mechanism of such a failure,

Tre circuit diagrams shown for each device tvpe reflect

the measurement circultry only. The selective switching
for the test unit is shown as Appendix T. The parameters
listed in paragraphs 2.2, 2.3 and 2.L are character-
istic of the units under test. They describe the mode or
trends of operation of tte unit, as detailed as the unit
will permit, Therefore, these were the parameters selected
Lo e/aluate the units,

®lectrical Measurement - Flip-Flop, 5/N 510:

Nesign Parameters:

Minimum clock pulse voltage ~ op Min.
Minimum set and reset voltages - Vq Min. and VR Min,
Ouatput Volt - - V=
wtput. Volbage - Vg & 3
’

cwitctong Times - ty , by , bg , Bg , tr

¥ailvre Analysis Parameters:

Lozd Hesastance - Ry,
Teakage Cnurrent ~ IR

Electrical Measurement - '"NOR" or "NAND" S/W 512:

Design Parameters:

Output Voltage - Vg

Switehing Times - bty , te , tg , b4 , Bf

L b
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2.1.2.2
2.1.2.2.1
2.1.2.2.2
2.1.2.2.3
2.1.2.2.4
2.1.3
2.1.3.1
2.1.3.1.1

2.1.3.1.2
2.1.3.2

2.1.3.2.1
2.1.3.2.2
2.1.3.2.3

2.1.3.2.L

Failure Analysis Parameters:(Cont).

Leakage Current - Ir-pg
Load Resistance - Ry,
Current Gain - "pg
Input Resistance - Ry

1

Electrical Measurement -® Sxclusive OR" S/N 515

Design Parameters:

Output Voltage - Vo, Vn, Vg,

b4
Switching Times - tn, tf, tg, ta, tf’,

Failure Analysis Paraneters:

Teakage Current - Inpg
Load Resistance -~ Ry,
Current Gain - YTE

Input. Resistance - Ry
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- 2.2 Specifications - GN 510, Diffused

) Silicon Bistable Network;

2.2.1 Design Electrical Parameters;
Vce = 3V Vee = 6V
Test Symbol Min, | Max. Min, Max. nit
Clock Pulse Voltage* Vop 0.35 1.7 0.LO | 2.7 v
Set or Reset Voltage* (125°) Vs , Vg 1.15 - 2.0 - v
(-55°) | Vg, vg | 1.60 - 2.5 - v
Output OFF (+125°C) N = 0O Vo, Q-0FF |} 2.2 - L1 - A
7 (+125°C) N = Vg, Q-0FF | 1.15 - 2.0 - v
(-58°C) N =) Vqs Q-OFF | 1.60 - 2.50 - v
Cutput  ON (+125°C) Vg, Q-ON - c.22 - 0.30 v
(-55%) Y, w-tH - 0.,o | - 0.50 v
Switching Times* Repetition Ratd 0.8 1.0 Me
Delay Time tg - 500 - 300 n sec{
Rise Time tn - 500 - 500 n sec
Storage Time tg - 200 - 200 n secd
Fall Time te - 2.5 - 2.5 u sec,
Voltage to set F/F Time tel - 600 - 600 n sec.,
2.2.2 Failure Analysis Electrical Parameters:
megt Svmbol Condition Min. Max, Unit
Load Resistance Ry v = 6V - - Ohms
leakage Current TR Vo= 6V - - n a

NOTE: A1l measurements at an ambient temperature of +25°C unless otherwise

specified. -
#Clock Pulse: Voltage Tevel = Vee/3
Pulse Widtu = 500 n sec.
Full Time = 100 n sec.
Repetition Rate = 100 Ke¢ (except when noted)
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2.3 Specifications - SN 512, Diffused

Silicon "NOR" or "NAND" Logic Network.

2.3.1 Design Electrical Parameters:
j Vee = 3V Vee = 6V

Test Symool Min, Max, } Mip, | Max Unit
Tnput Turn-On (+125°C) VIN-ON 1.15 - 2.0 - v

(-55°C) 1.60 - 2.5 - v
Input Turn-Off (+125°C) VIN-OFF - 0.22 - 0.50 v
(-55°C) - 0.b0 | - 0.50 v
Output G-On (+125°C) Vg - ON - 0.22 - 0.30 v
(-55°C) - 0.40 0.50 v
Output G-Off  (+125°C) N = 0 | Vg -OFF 2.5 - 5.0 - v
(+125%C) N = 5 1.15 - 2.0 - v
(-55°C) N =75 1.60 - 2.5 - v
Switching Timest
Delay Time tq - 170 - 130 n sec,
Rise Time tp - 200 - 150 n sec.
Storage Time ts - 130 - 110 n sec.
Fall Time te - 1.6 - 1.L u sec.
Voltage to Set F/F Time te! - 550 - 550 n sec.
2.3.2 Failure Analysis Electrical Parameters:

Test Symbol Condition Min, | Max, Unit
leakage Current Icpo V = 3V & 6V - - na
Load Resistarce Ry, V = 3V & 6V - - ohms
Current Gain heR V = 3V & 6V - - -
Input Resistance Ry Vo= 3V & 6V - - ohms

...

NOTE: All measurements shall be taken at Ta = +25°C unless

#Clock Pulse: Voltage levelaVoo/3
Pulse Width = 500 nsec.

Fall Time = 100 nsec.

Repetition Rate = 100 Ke

otherwise specified,
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Specifications: SN 515, Diffused

2.L

Silicon "EXCHUSIVE OR" Network:

2.1 Design Electrical Parameters
Test Vee = 3V Vee = OV
Symbol 1 1 Max. | Min. | Max. ] Unit
Input Turn-On (+#125°C) VIN-ON 1.15 - 2.0 - '
(-55°C) 1.60 - 2.5 - v
Input Turn-Off (+125°C) VIN-OFF - 0.22 - 0.30 v
(-55°%C) - 0.bo | - 0.50 v
Cutput Off (+125§c) N =0 Ve, E-oFF | 2.2 - L.l - v
(+125%C) N = L 1.15 - 2.0 - v
Output On (+125%) Vo E - on| - 0.22 | - 0.30 v
(-55%) - 0.b0 | - 0.50 v
Exclusive Or Output
(+#125°%C) N = © Vp - ofF | 2.5 - 5.0 - v
(+125°C) N = § 1.15 - 2.0 - v
Switching Times¥

Delay Time t4 - 150 - 80 n sec,

Rise Time tp - 175 - 110 n sec,

Storage Time tg - 120 - 90 n sec.

Fall Time te - 1.L - 1.2 u sec.

Voltage to Set F/F Time te! - 10 - 150 n sec.
2.h.2 Failure Analysis Electrical Parameters:

Test Symbol Condition Min. | Max, Unit
Leakage Current IR0 Ve 3V & 6V - - na
Load Resistance Ry, V= 3V & 6V - - ohms
Current Gain brR Ve 3V & 6V - - -
Input Resistance Ry Ve 3V & 6V - - ohms

NOTE ¢

A1l measurements shall be taken at Ta = +25°C unless otherwise

specified.

#Clock Pulse: Voltage Level = Vec/3
Pulse Width = E00 nsec
Fall Time = 100 nsec

Repetition Rate = 100 Ke
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3.0

3.1

3‘2

3.2.1

3.2.1.1

3.2.1.2

TEST DESCRIPTION

Background:

The objectives and purposes of this test are basic and
comprehendible., Formulating a measure of the effects of
anticipated usage environments on the performance and
intrinsic behavior of these single-substrate multi-element
devices is not as straightforward. The interactions and
combinations of the diffused elements characteristics that
are involved in evaluating with performance and internal
parameter measurements was recognized in the original test
planning. Because of this, the original test plan was suf-
ficiently flexible to accord an opportunity to shift empha-
sis to optimize measurememnt procedures.

Test Design:

Evaluation Program:

The evaluation program was established to investigate three
basic "anticipated usage " stress areas. These areas were:
thermal environments; life environments; and mechanical en-
vironments, Complete initial and final performance and
parameter measurements were made and a histogram presen-
tation of this information was programmed.

Thermal Environments:

The initial investigation was concentrated in the effects

of thermally related environments., A 2 x 3 factorial ex-
periment was designed using a test specimen size of 12 of
each type (total sample size = 36). Investigated were the
effect of thermal sterilization, thermal cycling , humidity,
and the combined effects of the previous environments, 20
factorial analysis was used to obtain an insight into the
effects of th® experiment.

Life Environments:

A1l specimens were subjected to operating life tests at
high temperature and high vacuum. The principle objective
of the design of this test was to obtain maximum operation
periods at maximum output loads. Performance and parameter
variations were monitored during the tests. Statistical
analys=is was performed and interpreted to JPL Specification
ZPP-20L0 GEN A.
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3.2.1.3 Mechanical Environments:

On the conclusion of the life environments, a specimen
size of L of each type (total sample size = 12) were sub-
jected to shock and vibration tests. No statistical
analysis was planned for this test simce the purpose of
the test was primarily to examine for catastrophic fail-
ures,

3.2.2 Test Specimen Groups:

The test specimens were divided into 9 test groups as
shown below in Chart 1. This grouping was used throughout
the test pregram with the exceptions as noted in the re-
sults section of this report.

T-pe SN510

Gpl 16p2 1Gp3 lcph | Gp5 |Gpé {Gp7 1 Gp8 | Gpo Gpl
Unit 1 9 11 13 15 1 |3 5 7 116 18

s

Unit |10 12 | W 171 2 L 6] 811 20

Type SN512

Gpl 1Gp2 1Gp3 JGph | GpS |Gpb [Cp7 ]| Gp8l Gp® lgn)

Unit | 9 11 )13 )15} 2|3 s | 7] 17]18

Unit | 10 12 1 16 2 | L 6 8 19 | 20

Tyvpe SN515

Gpl [Gp2 | Gp3 | Gph | GpS|Gpb |Gp76Gp8 | Gp9 Topm

Unit | 9 11 13 16 1 3 5 7115 17

Unit | 10 12 1L 18 2 L 6 8 | 19 20

CHART 1. Test Specimen Groups
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3.2.3

3.2.3.1

3.2.3.2

3.2.3.3

3.2;3-11

3.2.3.5

30 2. ).l

Test Sequence:

The environmental and life test program was designed to
subject the test groups of paragraph 3.2.2. to conditions
as given below., A test flow chart is shown in Chart 2 to
clearly delineate the test program.

Groups 1 and 2:

High Temperature Operating Life
High Vacuum Cperating Life

Groups 3 and L:

Temperature Cycling

Humidity

High Temperature Operating Life
High Vacuum Operating Life

Groups 5 and 6:

Thermal Sterilization
High Temperature Operating Life
High Vacuum Operating Life

Groups 7 and 8:

Thermal Sterilization
Temperature Cycling

Humidity

High Temperature Operating Life
High Vacuum Operating Life

GrouR 9

High Temperature Operating Life
High Vacuum Operating Life
Shock

Vibration

Test Special Apparatus

Each of the small (0,125" by 0.250" by 0.035") test spe-
cimens were individually mounted on the leads by Cannon
I'icro-D-Series 15 pin vlug. The specimen leads were

welded to the plug leads which vrovided mechanical support

and heat conduction for the units during all but the
mechanical environments. All measurements on the test
spacimens were completed by way of a mating Micro-D-Series
connector. To simplify the multiple measurements neces-

sary during this test, a centrallized tast set was counstructed
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GPI GP2

INITIAL MECHANICAL AND ELECTRICAL

GP3

GP4 GPS GP6 GP7 GP8 GP9
i
STERILIZATION
GP5 GP6 GP7 GP8
\ |
| ELECTRICAL |
] ) {
TEMP. CYCLE TEMP. CYCLE
GP3 GP4 GP7 GP8
ELECT. AT 3RD ELECT. AT 3RD
AND 5TH CYCLES AND 5TH CYCLES
| 1 1 Y
HUMIDITY HUMIDITY
GP3 GP4 GP7 GP8
1
| ELECTRICAL J ELECTRICAL ]
1 1 r !
HIGH TEMPERATURE OPERATING LIFE - 2000 HOURS
ALL DEVICES
L ELECTRICAL AT 50 HOURS, 100 HOURS, 500 HOURS, 1000 HOURS AND 2000 HOURS
Y Y y 1 )
HIGH VACUUM OPERATING LIFE - 500 HOURS
ALL DEVICES

ELECTRICAL AT 250 HOURS AND 500 HOURS

1 !

{

FINAL ELECTRICAL
ALL DEVICES

P

CHART 2.

TEST FLOW CHART

SHOCK
GP9

VIBRA-
TION

GP9
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3.3.0

3.3.1.0

3.3.1.1
3.3.1.1.1

3.3.1.1.1.1

3.3.1.1.1.2

3.3.1.1.1.3

3.3.1.1.1.L

3.3.1.1.1.5

3.3.1.1.2
3.3.1.1.2.1

3.3.1.1.2.2

3.3.1.1.2.3

3.3.1.1.2.L

3.3.1.1.2.5

3.3.1.1.3
3.3.1.1.3.1

3.3.1.1.3.2

to perform most of the measurements.
cribed in Appendix I.

This test set is des-~

Measurement Procedures:

Electrical Parameter Test Method SN510-F1lip/Flop Counter
Network:

Design Parameters:

Switching Time Measurement:

The test circuit was connected as indicated in Figure 1.

The test conditions are indicated in the test procedure
section of this report,

The input clock pulse was set at the values indicated in
Section 2.2 as shown in Figure 2,

The output pulse was read at Q and Q.

The method for measuring the switching times is indicated
in Figure 2.

Output Voltage:

The test circuit was connected as indicated in Figure 3.

The test conditions are indicated in the
section of this report.

test procedure

To measure the "OFF", or high voltage at output Q, the
switch was momentarily snorted at output Q. § will read
low or the "ON" state. Record Vg and VQ in the Q output
high state,

To measure the "OFF", ar high voltage at output T, the
switch was momentarily shorted at output Q. Q will read
low or the "ON" state. Record Vg and V{j in the § output
high state.

The output voltage at Q and Q was also measured with a fan-
out load of four. The load is indicated in Figure 8. The
test method is the same as indicated in paragraphs 3.3.1.1.2.3
and 3.3.1.1.2.1 above.

Minimum Clock Input Voltage:

The test circuit was connected as indicated in Figure L.

The test conditions are indicated in the test procedure
section of this report.
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I I
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FIGURE 2. SWITCHING TIME MEASUREMENT, SN 510
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¢ = 200 pf
R= 5K
D = IN9I4

FIGURE 8. LOAD CIRCUIT FOR SN5i0. N =4
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)

?.3.1.1.7%.3

3.3.1.7.0.¢

2.3.1,3.h.7

.

The clock input pulse was calibrated +to the veiues in-
i 1 in paragraou 2.2,

The input coct: pulsc was increased from zero velvage to a
value which iniicated the cutput pulse at © or § was stable.
(The pulse on %he oscilloscope was steady). Yinimum input
clock pulse volitage was recoris’ with the output shable.

ros

inimum Set and Reset Voltage:

The *“est circuit was connecte! as in%icste” in Tigure 5.

ada
‘—31.
¥
—
D

The test con itions are inlicote
section of this report,

est procedure

The input clock pulse coniitions were set as in'icate? in

~

T o | il ™ 5
Paragraph 7.3 as shown in FMgure 2,

The minimur reset voltage (Vp) was reasured by se*tting
V3 at 0,05 volts and 3ncrer51ng Vn from zerc unti

output voliage at O was in the "Ou" or low voltage state.
The reset voltage (Vy) was recorled.

™

Interchenge resistors - Py oni Ry (Pigure o).

The minimum zet voltage \V~) was measure! bty setbing Vn at
2.2% volts gni 1ncrea31ng Vg from zero until the output
voltage =%t ° was in the "Ci" or low volt age state. The setb

voltage (Vg) was recorici.

ifailure “nslysis Perare®ers:

west eircuit was connecte? as inliceted iu Figure 4.

The %est coniitions are in’lica*ci in the tes® procedure
section of this rsport.

An ar-eter wss conecte! S0 7 oubpu® and the current in-

Yicz%ed on the meter wss recoried. The loa! resistance
(R1~) is tie supply voliage (Vpn) iiviied by the curren
(T1~) iniicstel on the reter, i.e. Vio/i1o = Dpa
The ~mrehter wes then connecte’l to IJ cubtput ani the current
indicate’ wss recorded. The loal resistance L: ) is the
supplv voltage (V¢ c) Hviled bv the current (ILR) inliceztel on
the weter, w~~/ S o= 7. ’

FT I
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3.3.1.2.2
3.3.1.2.2.1

303.1.202’2

3.3.1.2.2.3

3.3.1.2.2.4

3.3.2

3.3.2.1
3.3.2.1.1
3.3.2.1.1.1

3.3.2.1.1.2

3.3.2.1.1.3

3.3.2.1.1.L

3.3.2.1.1.5

3.3.2.1.2

3.3.2.1.2.1

3.3.2.1.2.2

3.3.2.1.2.3

Diode Leakage Current Ip:

The test circuit was conrected as indicated in Figure 7.

The test conditions are indicated in the test procedure
section of this report.

Test voltage VRR was applied to reset input. An ammeter
was connected to Q and diode leakage IR (reset input)
was measured.

Test voltage VRr was applied teo set input. An ammeter
was counected to Q and diode leakage IRo (set input) was
measured.

Electrical Parameter Test Method SN S512-"NCR" or"NAND"Gate
Network:

Design Parameters:

Switching Time Measurements:

The test circuit was connected as indicated in Figure 9.

The test conditions are indicated in the test procedure
section of this report.

The clock pulse was set at the values indicated in Paragraph
2,3 ~ as shown in Figure 2,

The output. "G" was loaded with the circuit indicated in
Figure 16.

Each input "A" through 'F'was sequentially tested with all
other inputs held at ground. All output readings are made
at "G",

Output Voltage:

The test circuit was connected as indicated in Figure 11.

The test conditions are indicated in the test procedure
section of this report.

The input voltage Vpp was set to the minimum value speci-
fied for "Input Turn-On" in Section 2.3 (Note the "Imput
Turn-On specified at 125°C was used for measurements at
25°C alsog. The input voltage (Vg) and the output voltage
(Vg) were recorded.
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FIGURE 10. SWITCHING TIME MEASUREMENT, SN5I12
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TEST CIRCUIT FOR COLLECTOR-BASE LEAKAGE

Icgo MEASUREMENT,
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3.3.2.1.2.h

3.3.2.1.2.5

3.3.2.2

3.3.2.2.1

3.3.2.2.1.1

3.3.2.2.1.2

3.3.2.2.1.3

3.3.2.2.2

3.3.2.2.2.1

3.3.2.2.2.2
3.3.2.2.2.3

3.3.2.2.2.L

3.3.2.2.3

3.3.2.2.3.1
3.3.2.2.3.2

3.3.2.2.3.3

3.3.2.2.3.4

3.3.2.2.3.5

A1l inputs "AM™ through '"T" were sequentially tested in the
above manner with all other inputs grounded.

An equivalent load (N=5) as shown in Figure 16 was con-
rected to the output "G" and the tests above in paragraphs
3.3.2.1.2.3 and 3.3.2,1.2.L were repeated.,

Failure Analysis Parameters:

Collector-Base Leakage Current Igpo

The test circuit was connected as indicated in Figure 12.

The test conditions are indicated in the test procedure
section of this report.

The reverse current was measured and recorded at each in-
put with other inputs left open.

Load Resistance Ryp:

The test circuit was connected as indicated in Figure 13,

The test conditions are indicated in the test procedure
section of this report.

The current at output G was measured and recorded.

The load resistance (R]) was determined by dividing the
supply voltage (Vgc) by the current at the output terminal
G (Ig), i.e. Ry = Vgo/Ig.

Input Resistance Rp:

The test circuit was connected as indicated in Figure 1),

The test conditions are indicated in the test procedure
section of this report.

The input voltage (Vps) was set at the value specified in
the test procedure section and the input current was mea-
sured and recorded.

A1l inputs "A" through "F" were sequentially measured in
the above manner. '

Each input resistance was determined by dividing the input
voltage (Vgp) by the input current,
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3.3.2.2.L
3.3.2.2.4.1
3.3.2.2.4.2

: 3.3.2.2.4.3

’ 3.3.2.2.5Lh.4
3.3.2.2.4h.5
) 3‘303
3.3.3.1
3.3.3.1.1

3.3.3.1.1.1

3-3-3.1.1.2
3.3.3.1.1.3

3.3.3.1.1.4

Current Gain hpg:

The test circuit was connected as indicated in Figure 15.

The test conditions are indicated in the test procedure
section of this report,

The supply voltage (VGG) was set as specified in the test
section of this report with a load resistor (Rg) of & K.
The base supply voltage (V) was increased until tne col-
lector base voltage (Vg) read 1 volt. Base current (Ig)
was read and recorded at this point,

Inputs "A" through "F" were sequentially tested per the
above procedure with all other inputs grounded.

The DC current gain (hyg) was determined by dividing the
emitter current (Ig) by the input current (Ig) for each

input i.e., hyp = IE/IB,
Electrical Parameter Test Method SN 515 -#wExclusive OR"NETWCRK :

Design Parameters:

Switching Time Measurements:

The test circuit was connected as indicated in Figure 17..

The test conditions are indicated in the test procedure
section of this report.

The input clock pulse was set at the values indicated in
Para., 2.4, as shown in Figure 18.

The output connections were loaded as indicated below:

Output Load
C, E N=l (See Figure 23g
D N=5 (See Figure 23
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3-3.3.1.1.5

3.3.3.1.2
3.3.3.1.2.1

3.3.3.1.2.2

3.3.3.1.2.3

3.3.3.1.2.4

3.3.3.1.2.5

Measurements were performed at inputs and outputs sequen-
tially in the order shown below:

InEut : Outgut :
A C
B C
A D
B D
A B
B E
A D
B D

Output Voltage:

The test circuit was connected as indicated in Figure 19.

The test conditions are indicated in the test procedure
section of this report.

The input supply voltage (VBB) to the input under test was
set at the minimum "Input Turn-On" as specified in . paragraph
2.l and the voltage reading at the auxiliary output was re-
corded, (Nete: minimum "Imput Turn-On" specified at 125°C
was used for the 25°C measurements also) .

The input supply voltage (VBB) to the input under test was
then set at the maximum "Output On" as specified in paragraph
2.4 and the voltage reading at the "Exclusive OR" (D) out-
put was recorded (Note: maximum "Output On" specified at
125°C was used for the 25°C measurement also).

The above measurements ( Para. 3.3.3.1.2.3 and 3.3.3.1.2.L)
were sequentially done in the order below:

IEEut : OutEut :

esiuvi b live g
gEEo QO

3.3.3.1.2.6 The measurements above (Para, 3.3.3.1.2.5) were then re-

peated with a simulated auxiliary load of N= L and an "Ex-
clusive "OR" load of N = 5 as shown in Figure 23.
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OUTPUT
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FIGURE 22. TEST CIRCUIT FOR CURRENT GAIN hFE MEASUREMENT, SNS5I5
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= 200 pf ¢ = 250 pf
= 5K R = 4KQ

= IN9I4 D = INSI4
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N = FAN-OUT

FIGURE 23. LOAD CIRCUIT FOR SNS5I5
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3.3.3.2
3.3.3.2.1

3.3.3.2.2
3.3.3.2.2.1

3.3.3.2.2.2

3.3.3.2.2.3

3.3.3.2.2.4L

3.3.3.2.3

3.3.3.2.3.1
3.3.3.2.3.2

3.3.3.2.3.3

3.3.3.2.3.L

3.3.3.2.3.5

3.3.3.2.1L
3.3.3.2.0Lh.1
3.3.3.2.Lh.2

3.3.3.2.0L.3

Failure Analysis Parameters:

Collector-Base Reverse Leakage Current ICBO:

The original test circnit planned for this measirement
proved unfeasible in usage.. Use of the circuit resulted
in the reverse breakdown of base emithber diode of tue
transistor under test and so the leakage readings were
invalidated., No measurements were made of tris parameter
therefore,

Load Resistance Ry;:

The test circuit was connected as indicated in Figure 20,

The test conditions are indicated in the test procedure
section of this report.

The current at each output terminal (IG) was measured and
recorded.,

The load resistance (R1) was determined by dividing the
supply voltage (Vog) by the current (In) at the output
terminals, i.e., Ry, = Voo/Ig.

Input Resistance Rp:

The-test circuit was connected as indicated in Figure 21.

The test conditions are indicated in the test procedure
section of this report.

The input voltage (Vgp) was set at the value specified in
Para. 2.l and the input current was measured and recorded.

The test was sequenced in the above manner to obtain mea-
surements of all input resistances.

Each input resistance was determined by dividing the input
voltage (Vgg) by the input current (Ig), i.e., Ry = Vgg/Ig.

Current Gain hpp:

The test circuit was connected as indicated in Figure 22.

The test conditions are indicated in the test procedure
section of this report,

The Supply Voltage (Vgg) was set at 6 volts with a load
resistor (Rg) of 5 K. The base supply voltage (Vgg) was
increased until the collector-emitter voltage (Vg) was

1 volt., Input Current (Ig) was read and recorded at this
point.,
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3.3.3.2.4L.4 The above measurement was performed sequentially at each
input.

3.3.3.2.4.5 The DC current gain (hFE)’ was determined by dividing the
emitter current (IEs by the input current (Ig) for each
input, i.e., hpg = Iz/IB.

3.h Test Procedures:

3.h.1 Initial Electrical Measurements:

All specimens were subjected to initial visual and mechan-
ical inspection to assure adherence to the manufacturer's
physical description and integrity of the test specimen as
mounted on the test connectar. Units were then numbered
in sequence 1 through 20 for each of tte specimen types.
A1l units were then measured for the parameters and condi-
tions indicated in the following paragraphs:

3.4.1.1 Unit Type SN 510:

3.h.1.1.1 Switching Times measured per the procedure given in para-
graph 3.3.1.1.1 at:

Voc = 3 volts; Temperature = -55°C, 25°C and 125°%C
and
Voc = 6 volts; Temperature = -55°C, 25°C and 125°C.

3.Lk.1.1.2 Output Voltage measured per the procedure given in para-
graph 3.3.1.1.2 at}

Voo = 3 volts: Temperature = -55°C, 25°C and 125°C
and
Voe = 6 volts; Temperature = -55°C, 25°%C and 125°C

3.4.1.1.3 Minimum Clock Input Voltage measured per the procedure
given in paragraph 3.3.1.1.3 at:

Veoe = 3 volts; Temperature = 25°%C
and
Voo = 6 volts; Temperature = 25°C

3.h.1.1.L Minimum Set and Reset Voltage measured per the procedure
given in paragraph 3.3.1.1.L at:

Voe = 3 volts; Temperature = 25°C
and
Veoe = 6 volts; Temperature = 25°C
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3.4.1.1.5

3.4.1.1.6

3.L.1.2

3.h.1.2.1

3.4.1.2.2

30h.1.203

3.h.1.2.L

3.h.1.2.5

Load Resistance measured per tite procedure given in para-
graph 3.3.1.2.1 at:

Vop = 6 volts Temperature = 25°%C

Diode leakage Current measured per the procedure given in
paragraph 3.3.1.2.2 at:

Vgg = 6 volts, Temperature = 25°%C

Unit Type SN 512:

Switching Times measured per the procedure given in para-
graph 3.3.2.1.1 at:

3 volts; Temperature = -55°C, 25°% and 125°C

Vo
and

Voo = 6 volts; Temperature = -55°C, 25°% and 125°C.

Output Voltage measured per the procedure given in para-
graph 3.3.2.1.2 at:

Tpg = 3 volts; Temperature = -55°%, 25° and 125°C
and
Voo = 6 voltss Temperature = -55°C, 25 and 125°C

Tnput Resistance measured per the procedure given in para-
graph 3.3.2.2.3 at:

Vgg = 3 volts; Temperature = 25°C
and
Vpp = 6 volts; Temperature = 25°%C

Load Resistance measured per the procedure given in para-
graph 3.3.2.,2.2 at:

. Voo = 3 volts; Temperature = 25°C
a

Vog = 6 volts; Temperature = 25%C
Collector-Base leakage Current measured per the procedure
given in paragraph 3.3.2.2.1 at:

Vop = 3 volts; Temperature = 25°C
and
Voo = 6 volts; Temperature = 25°%C
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3.4.1.2.6

3.4.1.3
3.4.1.3.1

3.4.1.3.2

3.4.1.3.3

3.4.1.3.,

3.4.2.0
3.h.2.1
3.4.2.1.1

Current Gain measured per the procedure given in para-
graph 3.3,2.2.L at:

Voo = 3 volts; Temperature = 25°C
and
Vag = 6 volts; Temperature = -55°C and 25°C

Unit Type SN 515:

Switching Times measured per the procedure given in para-
graph 3.3.3.1.1 at:

Voe = 3 volts; Temperature = -55°C, 25°C and 125°C
and
Voe = 6 volts; Temperature = -55°C, 25° and 125°C

Output Voltage measured per the procedure given in para-
graph 3.3.3.1.2 at:

Voo = 3 voltss Temperature = -55°C, 25°C and 125°C
and
Voo = 6 volts; Temperature = -55°C, 25°C and 125°C

Load Resistance measured per the procedure given in para-
graph 3.3.3.2.2 at:

Voc = 6 volts; Temperature = 25°C

Current Qain measured per the procedure given in para-
graph 3.3,3.2.0 at:

Voo = 6 voltss Temperature = ~55°C and 25°C

Environmental Test Procedures:

Thermal Sterilization Test:

The specified test groups were subjected to three cycles
of thermal sterilization. A thermal sterilization cycle
consisted of 8 hours of storage at a temperature of 25°C
and 442 hours storage at a temperature of 1L45°C with a
transition time of 2 hours between extremes. The thermal
sterilization cycle is depicted in Figure 2,
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+ 145°C
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+25°C —

I’a HRS f— 16 HRS—s|
| CYCLE

FIGURE 24. THERMAL STERILIZATION CYCLES

. it ot .

3.h.2.1.2 The test units were stabilized at a temperature of 25°C
for a period of 8 hours before the following electrical
measurements were made.

3.4.2.1.2.1 Unit Type SN 510:

3.4.2.1.2.1.1

T W W T v

3.4.2.1.2.1.2

3.4.2.1.2,1.3

3.4.2.1.2.1.4

Switching Times measured per the procedure given in
paragraph 3.3.1.1.1 at:

Voo = 3 volts; Temperature = 25°%

Output Voltage measured per the procedure given in
paragraph 3.3.1.1.2 at:

Voo = 3 volts; Temperature = -55°C, 25°C and 125°C
and
Voe = 6 voltsy Temperature = -55°C, 25°C and 125°%C

Minimum Clock Input Voltage measured per the procedure
given in paragraph 3.3.1.1.3 at:

Voo = 6 volts; Temperature = 25%

Diode Leakage Current measured per the procedure given
in paragraph 3.3.1.2.2 at:

Vpg = 6 volts; Temperature = 25°%C

3.4.2.1.2.2 Unit Type SN 512:

3.h.2.1.2.2.1

Output Voltage measured per .the procedure given in para-
graph 3.3.2.1.2 at:

Voo = 6 volts; Temperature = 25°C
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[ L 3.4.2.1.2.2.2

Collector - Base lLeakage Current measured per the proce-
dure given in paragraph 3.3.2.2.1 at:

Voo = 6 voltss Temperature = 25°C

3.4.2.1.2.3 Unit Type SN 515:

3.b.2.2
| 3.h.2.2.1

' +125°¢C

Output Voltage measured per the procedure given in para-
graph 3.3.3.1.2 at:

Voo = 6 volts; Temperature = 25°C

Temperature Cycling Test:

The specified test groups were subjected to 5 cycles of
thermal extremes. The thermal cycle consisted of: 25°C
for 5 minutes minimum; +125°C for 2 hours minimum; 25°C
for 5 minutes minimums -55°C for 2 hours minimum and re-
turn to 25°C for 5 minutes minimum., Transition time be-
tween specified temperatures :was held to a minimum., Mea-
surements as specified below in paragraph 3.L.2.2.2 were
made at the third cycle and the fifth cycle temperature
extremes. The thermal cycle is depicted in Figure 25,

ELECT. ELECT.
TEST TEST

= p=——2 HRS & i

+ 25°C

- 55°C

2 HRS

ELECT. ELECT.

<=1 CYCLE—= TEST TEST

FIGURE 25. THERMAL CYCLES
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3.h.2.2.2 The electrical measurements given below were made durirg

the third cycle and the fifth cycle of the temperature

cycling test.

3.h.2.2.2.1 Unit Type SN510:

3.4.2.2,2.2 Unit Type SN 512:

graph 3.3.2.1.2 at:

\

V.

3.4.2.2.2,3 Unit Type SN 515:

graph 3.3.3.1.2 at

3.L4.2.2.2.1.1 Output Voltage measured per the procedures given in
paragraph 3.3.1.1.2 at:

Voo = 6 volts; Temperature = -55°C and 125°C

3.4.2.2.2.1.2 Minimum Clock Input Voltage measured per the procedure
given in paragrapt 3.3.1.1.3 at:

Voo = 6 volts; lemperature = -55°C and 125%C

3.4.2.2.2.1.3 Load Resistance measured per the procedure given in
paragraph 3.3.1.2.1 at:

Voo = 6 volts; Temperature = -55°C

3.L4.2.2.2.1.4 Diode Leakage Current measured per the procedure given
in paragraph 3.3.1.2.2 at:

Vgg = 6 volts; Temperature = 125

3.4.2.2.2.2.1 Output Voltage measured per the procedure given in para-

oo = 6 volts; Temperature = -55°%C and 125%

3.L.2.2,2.2.2 Collector - Base Leakage current measured per the pro-
cedure given in paragraph 3.3.2.2.1 at:

Voo = 6 volts; Temperature = 125°%C

3.4.2.2.2.2.3 TInput Resistance measured per the procedure given in
paragraph 3.3.2.2.3.at:

sp = 6 volts; Temperature = -55°C

Output Voltage measured per the procedure given in para-

Voo = 6 volts; Temperature = -55°C and 125%

LIBRASCOPE DIVISION
General Precision, Inc. PAGE Lhé oF
GLENDALE, CALIFORNIA

17

REPORT NO.  7.-002L

801-A-1
9/63




3.h.2.2.3 At the completion of the 5 cycles of thermal cycling, the
test units were stabilized at a temperature of 25°C for
a period of 8 hours before the following measurements were
made.

3.L.2.2.3.1 Unit Type SN 510:

3.4.2.2.3.1.1 Switching Time measured per the procedure given in para-
graph 3.3.1.1.1 at:

Voo = 3 volts; Temperature = 25°%C

3.4.2.2.3.1.2 Output Voltage measured per the procedure given in para-
graph 3.3.1.1.2 at:

Voo = 6 volts; Temperature = 25°C

3.4.2.2.3.1.3 Minimum Clock Tnput Voltage measured per the procedure
given in paragraph 3.3.1.1.3 at:

Voo = 6 volts; Temperature = 25°C

3.4.2.2.3.2 Unit Type SN 512:

3.4.2.2.3.2,1 Switching Time measured per the procedure given in para-
graph 3.3.2.1.1 at:

Voo = 6 volts; Temperature = 25°%

3.h.2.2,3.2.2 Output Voltage measured per the procedure given in para-
graph 3.3.2.1.2 at:

Voe = 6 volts; Temperature = 25°C

3.h.2.2.3.2.3 Input Resistance measured per the procedure given in
paragraph 3,3.2.2.3 at:

Vgp = 6 volts; Temperature = 25°
3.L.2.2.3.3. Unit Type SN 515:

3.4.2.2.3.3.1 Switching Time measured per the procedure given in para-
graph 3.3.3.1.1 at:

Voo = 6 volts; Temperature = 25°%C

3.4.2,2.3.3.2 Output Voltage measured per the procedure given in para-
graph 3.3.3.1.2 at:

vf‘

= 6 volts; Temperature = 25°C
e pe
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3.1.2.3
3.4.2.3.1

+ 71°C

Humidity Test:

The specified test groups were subjected to humidity cycling
test per MIL-E-5272C (ASG), procedure I, This test con-
sisted of 10 thermal cycles of storage at a relative humidity
of 95%. A thermal cycle started at 20°C. The temperature
was gradually raised to 71°C over a 2 hour transition period.
The temperature of 71°C was held constant for a period of

6 hours. The temperature was then gradually reduced to 25°C
again over a period of 16 hours. The thermal-humidity cyclie
test is depicted in Figure 26,

+25°C

3.L.2.3.2

ELECT.
TESTS
2 | 8 HRS
HRS I *—16 HRS —= ——I FINAL  |e—
CYCLE
| CYCLE ———————e

95% R.H.

FIGURE 26. THERMAL HUMIDITY CYCLES

The test units were stabilized at a temperature of 25°C
for a period of 8 hours before the following electrical
measurements were made.

3.h.2.3.2.1 Unit Type SN 510:

3.h.2.3.2.1.1 Switching Time measured per the procedure given in para-

graph 3.3.1.1.1 at:

Voo = 3 volts; Temperature = 25°C
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3.4.2.3.2.1.2 Output Voltage measured per the procedure given in para-
graph 3.3.1.1.2 at:

Vop = 6 volts; Temperature = 25%C

3.4.2.3.2.1.3 Minimum Clock Input Voltage measursd per the procedure
given in paragraph 3.3.1.1.3 at:

Voo = 6 volts; Temperature = 25%C

3.4.2.3.2.1.i Collector-Base leakage Current measured per the procedure
given in paragraph 3.3.1.2.2 at:

Voo = 6 volts; Temperature = 25°%C

3.L.2.3.2.2 Unit Type SN 512:

3.4.2.3.2.2.1 Switching Times measured per the procedure given in para-
graph 3.3.2.1.1 at:

Voo = 6 volts; Temperature = 25°C

3.4.2.3.2.2.2 Output Voltage measured per the procedure given in para-
graph 3.3.2.1.2 at:

Vog = 6 volts; Temperature = 25%C

3.4.2.3.2.2.3 Collector-Base lLeakage current measured per the pro-
cedure given in paragraph 3.3.2.2.1 at:

Voo = 6 volts; Temperature = 25°C

3.4.2.3.2.3 Unit Type SN 515:

3.L.2.3.2.3.1 Switching Times measured per the procedure given in
paragraph 3.3.3.1.1 at:

Voo = 6 volts; Temperature = 25C

3.4.2.3,2.3.2 Output Voltage measured per the procedure given in para-
graph 3.3.3.1.2 at:

Voo = 6 volts; Temperature = 25°C

3.4h.3.0 Life Test Procedures:
3.L.3.1 High Temperature Operating Life Test Procedures:

3.h.3.1.1 A1l test specimens were subjected to a 2000-hour high
temperature operating life test. The units were logically
interconnected as shown in figures 27-30. The test circuit
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COUNT &
COMPARE

1D

COUNT &
COMPARE
2D

COUNT &
COMPARE
3D

COUNT &
COMPARE
40

COUNT &
COMPARE
5D

COUNT &
COMPARE
6D

COUNT a
COMPARE
70

COUNT a
COMPARE
8D

COUNT &
COMPARE
90D

COUNT &
COMPARE
100

SUMMING CIRCUIT "A"

O —
©oo

10
2D
3D

2D
3D
40

40
5D

4D
50D
6D

5D
6D
7D

70
8D
6D

70
8D
9D

8D
9D
10D

100

SUMMING CIRCUIT "B"

SF
9F
3F

|F
7F
10F

4F
2F

9F

3F
6F

8F
2F
SF

SF
5F
6F

IF
4F

2F
SF
8F

6F
10F
TF

FIGURE 27. OPERATING LIFE TEST CIRCUIT BLOCK DIAGRAM
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I 6 A A 6 ——c¢
PRESET 2 7 GND B 7 b—— GND
SNSIO SN5I5
Vee 3 8 Vee 8 —— Dg
Vep — 4 9 A 9
—1 5 10 f—e— A 8 10 p—E
I 6 |—o— 8 A 6 c
PRESET 2 7 GND B 7 GND
SNSIO SNSI5
Vee — 3 8 Vee 8 Db
a ) A 9
l— 5 10 T B B 10 E
FIGURE 28. OPERATING LIFE TEST CIRCUIT
COUNT AND COMPARE MODULE
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SNS5I2 SN 512
I1Da | 6 fp~——— 3Da 8ba | 6 }——— i0Da
1Db 2 7 p——— GND 8Db 2 7 p——— GND
Vee 3 8 p— IF Vee —H 3 8 p—— 6F
20— 4 9 9Da 4 9
2Db 5 10 }~——— 30b 90p ~— 5 10 p—— 10Db
SN 512 SN 512
4pa ! 6 }|—— 6Da iDa | 6 p—— 3Da
4pb 2 7 }—— GND 1Db 2 7 pP—— GND
Vee 3 8 |——— 2F Vee 3 8 t—— 7F
50q 4 9 ioDa 4 9
5Db 5 10 }——— 6Db 10Db 5 10 }—— 3Db
SN 512 SN 512
700 i 6 |—— 90Da 4Da ] 6 |—— 2Da
70b 2 7 }—— GND 40b 2 7 pP—— GND
Vee 3 8 f—— 3F Vee 3 8 |—— 8F
8Da 4 9 5Da 4 9
8pb 5 10 p—— 9Db" 5Db 5 10 —— 20b
SN 512 SN 512
2Da | 6 —— 4Da 7Da I 6 p—— 6Da
2D 2 7 p——— GND 7D 2 7 |——— GND
Vee 3 8 |—— ar Vee 3 8 —— 9oF
3Da 4 9 8ba 4 9
3pb 5 10 p——— 4Db 8bb 5 10 pP—— 6Db
SN 512 SN 512
5Da I 6 |——— 7Da I0Da ] 6 [ ——— 9Da
5Db 2 7 p—— GND 1oDb 2 7 P GND
Vee 3 8 p(—— S&F Vee 3 8 p——— IOF
6Da 4 9 10a 4 9
6Db— 5 10 e  TDb IDp=—— 5 i0 p———— 9Db
FIGURE 29. LIFE TEST CIRCUIT SUMMING CIRCUIT "a"
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SNS5I2
IF i 6
IF 2 7
Vee 3 8
TF 4 9
7F 5 10
SN 512
\F I 6
|F 2 7
Vee 3 8
4F 4 9
4F 5 10
SN 512
IF | 6
GND 2 7
Vee 3 8
TF 4 9
7F 5 To)
SN 512
4F I 6
GND 2 7
Vee 3 8
8F 4 9
8F 5 10
SN 512
8F | 6
GND 2 7
Vec—— 3 8
5F 4 9
5F 5 10
FIGURE 30.

I10F
GND
16

IOF

8F
GND
26

8F

aF
GND

36

4F

2F
GND
46

2F

2F
GND
56

GND

SN 512
2F i i 6  oF
2F 2 7 |—— GND
Vee 3 8 |—— 66
5F 4 9
5F ———i 5 10 ——— g9F
SN 512
5F | 6 3F
GND 2 7 |—— GND
Vee 3 8 b——0 76
9F 4 s
9F 5 10 b——o0 3F
SN 512
9F | 6 e &F
GND 2 7 p—— GND
Vee 3 8 86
3F - 4 9
3F 5 10 p——— 6F
SN 512
IOF ] 6 |—— 6F
IOF 2 7 —— G&nD
Vee 3 8 b—— 96
3F 4 9
GND 5 10 GND
SN 512
6F I 6 L 7F
6F 2 7 p—— GND
Vee— 3 8 [—— 06
IOF —— 4 9
GND 5 i0 b—— &ND

LIFE TEST CIRCUIT SUMMING CIRCUIT "g"
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was desigrned to obtain maximum loading on the test units.
Equivalent "dummy" loads suchk as shown in figures 8, 16,
and 23 were used to fully load every test unit, The logic
design also allowed removal of catastrophic failures with-
out functionally disrupting the remaining circuitry. The
load and logic interconnections and the test platform were
integrated into a single test fixture to minimize lead
capacitance problems.

The high temperature operating life test was made at an
ambient test temperature of 100°C. The test units were
operated at Vgg = 6 volts and a clock input frequency of
100 KC at a clock voltage of 2 volts peak to peak.

3.4.3.1.2 The logic operation was monitored periodically tiwroughout
the life test to ensure functional operation and to ob-
serve for failures. This was accomplished manually with
an oscilloscope probe at output points.

The followirg measurements were made at ©0, 100, 500,
1000 and 2000 hours clieck points. Test units were al-
lowed to stabilize at,a temperature of 25°C for a period
of at least 8 hours before measurements were performed.

3.4.3.1.2,1 Unit Type SN 510:

3.4.3.1.2.1.1 Output Voltage measured per the procedure given in para-
graph 3.3.1.1.2 at:

Voo = 6 volts; Temperature = 25°C

3.4.3.1.2.1.2 Minimum‘Clock Input Voltage measured per the procedure
given in paragraph 3.3.1.1.3 at:

Voo = 6 volts; Temperature = 25°C

3.4.3.1.2.2 Unit Type SN 512:

3.4.3.1.2.2,1 Output Voltage measured per the procedure given in
paragraph 3.3.2.1.2 at: V

Voo = 6 volts; Temperature = 25°C

3.54.3.1.2.2.2 Current Gain measured per the procedure given in para-
graph 3,3.2.2.L4 at:

Vgg = 6 volts; Temperature = 25°C
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3.Lh.3.1.2.3
3.h.3.1.2.3.1

3.h.3.1.2.2,2

3.4.3.1.2.3

Unit Type SN 51%:

Output Voltage measured per the procedure given in
paragraph 3.3.3.1.2 at:
Voo = 6 volts; Temperature = 25°C

Current Gain measured per the procedure given in para-
graph 3.3.2.2.L at:
Vog = 6 volts; Temperature = 25°%C

Unit Type SN 515:

3.4.3.1.2.3.1 Output Voltage measured per the procedure given in

3.4.3.1.2.3.2

3.4.3.2
3.4.3.2.1

3.h.3.2.2

3.h.L
3.h.h.a1
3.h.h.1.1

3.h.h.1.2

paragraph 3.3.3.1.2 at:
Voo = 6 volts; Temperature = 25%C

Current Gain measured per the procedure given in para-
graph 3.3.3.2.L at:

Vog = 6 volts; Temperature = 25°

High Vacuum Operating Life Test Procedwes:

A1l test units were subjected to a 500 hour high vacuum
operating life test. The test units were operated in the
same configuration and input supplies as used in the pre-
ceeding test (paragraph 3.4.3.1.1). The vacuum was main-
tained at a maximum of 10-L mm Hg.

Measurements per paragraph 3.4.3.1.2 were performed on all
test units at 250 and 500 hours test points. -

Mechanical Test Procedures:

Shock Test Procedures:

The specified groups of test units were subjected to §
impacts of shock of an amplitude of 300 G's and a duration
of 3 m sec in each of the 3 mutually perpendicular planes
(X, Y, Z). The test units were initially encapsulated in
Shell Epon 828 epoxy in a form that could be rigidly se-
cured in the shock fixture.

All final electrical measurements as specified in para-
graph 3.L.5 were initially performed on the mechanical

test specimen as a precautionary measure, Measurements

per paragraph 3.L.3.1.2 were performed at the conclusion

of the encapsulating operation and following the shock tests.
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3.h.bh.2
3.4.0.1.1

3.h.4h.1.2

3.L.5

3.5

3.6
3.6.1

3.6,1.1

3.6.1.2

Vibration Test Procedures:

The shock test units were subjected to a sweep vibration
test of 35 G's peak acceleration. The frequency sweep was
from 30 cps to 300C cps and back to 30 cps at a logaritimic
rate. A sweep cycle duration was 5 minutes with 3 cycles
made in each of the 3 mutually perpendicular planes (X,Y,Z).

Measurements per paragrapi 3.4.3.1.2 were made at the con-
clusion of the test.

Final Electrical Measurements:

At the conclusion of the Life Test all test units were
measured per the procedure given for the Initial Electri-
cal Measurements in paragraph 3.L.1.

Data Recording Procedures:

A1l measurement and observation data were manmally re-
corded in permanent form on reproducible data sheets. Data
records include conditions of test, type of test, identity
of specimens tested, equipment used and a description of
unusual occurances noted, Data was screened by the cog-
nizant test engineer for failures and data trend assess-
ments. In the event unusual or suspect data was found,
measurements were repeated,

Failure Criteria and Analysis Procedures:

Failuwre Definitions:

Catastrophic Failure:

A catastrophic failure was defined as a degradation of a
logic or transfer function to such an extent that the
specimen is unable to fully drive a like stage. Included
in this definition would be open and short circuits of a
specimen element,

Degradation Failure:

A degradation failure was defined as a change in a Design
Parameter of greater than or equal to #20% of the initial
measured value,
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™y

3.6.

Failure Analysis Procedures:

When a catastrophic failure as defined in paragraph 3.6.1.1
was observed, the cognizant JPL Representative was notified
informally of the occurance. Preliminary analysis was con-
ducted at that time to determine the area and mode of fail-
ure and the possible causes, In the event the specimen
had partial normal functional capability, it was returned
to test., If the speciren was wholly disabled, and in any
event at the conclusion of the test program, the failure
analysis was continued with autopsy of the unit to deter-
mine the exact area of failure and probable causes. The
findings of these analysis efforts are contained in tte
Results Section of this report.
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.0
L.1
Lh.1.1

.1.1.1

TEST RESUITS @

Catastrophic Failures:

Mechanical Failures:

Test Specimen lead Breakage:

4 severe handling problem was encountered during tle test
program resulting in considerable test specimen lead break-
age. Tris problem was innerent in tne exposed mounting tech~
nique used for the test specimens. The problem may also be
attributed to the multiplicity of test specimen handling for
measurement and test set-up. Lead breakage occurred in tre
two hi-stress bend areas as shown in ¥igure 31, Remedial
controlled-temperature soldering was sometimes successful

if the break occurred in the bend "B area., This techni-
que was used on some of the test specimens during the test
program to prolong their usefulness.

] BEND A
TEST
BEND B
Fzgigg\\\\“ SPECIMEN -—-\\\>>==—i WELD
- - W~ S
5 CONNECTOR LEAD

FIGURE 31. TEST SPECIMEN MOUNTING
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Listed below are test specimens thal experienced lead break-
age during the test program.

Type SN510; Unit #2:

lead #1 (reset input) broken durirg measurements at

the 1037 hour test point of the nign temperature op-
erating life test. This broken connection disabled

the element operation and necessitated removal from

the test.

Type SN5103 Unit #6:

lead #1 (reset input) broken after measurements at
the 1037 hour point of the tigh temperature operating
life test. This broken connection disabled the ele-
ment operation and the test specimen was removed from
test.

Type SN 5153 Unit #1:

Iead #5 (B input) broken before initial measurements
started, The test specimen remained in the test pro-
gram. This lead then was temporarily repaired at the
537 hour test point during high temperature operating
life test and remained operational until the 250 hour
test point during high vacuum operating life test. At
this time, leads #1 (A input); #2 (B imput); #L4 (A in-
put) and #6 (C output) were broken. The damage was

not repairable and the test specimen was witndrawn from
the test program,

Type SN 5153 Unit #8:

Tead #1 (A input) broken before the start of the high
temperature operating life test. The test specimen
remained in the test program operating with reduced
functional capability.

Type SN 5153 Unit #15:

Lead #L (A input) was broken during initial measure-
ments. The test specimen remained in the test program
operating with reduced functional capability.

h.1.1.2 Test Specimen Mounting Failures:

An error in the mounting process resulted in the failure of
two of the test specimens. (type SN 5103 Unit #16 and Unit
#18). They were mounted on the connector in a reversed-
transposed manner whico preserved the connector pin arrangement
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Lh.1.1.3

L.1.2

but resulted in storting the leads #6 through #10 to the
metal wafer cover. This shorting of the elements functions
caused catastrophic damage to tle test specimens,

Connector Contact Failures:

Considerable difficulty was encountered durirng the test
program with connector contacts., The test specimens were
mounted on prototype samples of the Cannon Micro "D" lire,
The many insertions and withdrawals to which the connectors
were subjected resulted in instances of random contact fail-
ure and of two specific cases of continous failure. Examina-
tion of the open connector contact problems indicated the
spiral-wound multi-wire element "Micropin" would take on a
semi-permanent "set" with a contacting surface diameter less
than that of the mating "Microsocket!". When this occurred
an open circuit would result, Random contact failures,
when noticed by the technician, would be repeated. In a

few instances during the test program, the open contact

was not observed or could not be remedied at the time and
the recorded data was in error. In two instances, during
the test program, the connector failures were permanent.
These units are noted below. All other contact failures
observed were completely random in nature, occurring on a
one time basis only.

Type SN 512; Unit #3:

Pin lead #4 (D" input) failed during initial measuremehts oy
exhibiting an open circuit. The test specimen remained in
the test program. During final measurements, Pin lead #10
("F" input) failed in the same manner.

Type SN 5123 Unit #17:

Pin lead #5 ("E" input) failed by opening during initial
measurements. Other pin lead contacts also opened and the
unit was removed from further testing.

Confirmed Catastrophic Failures:

There was one incidence of a positive catastrophic failure
of a test specimen during the test program. Test specimen
tvpe SN 510, Unit #19 failed after the thermal sterilization
test. Failure was indicated by an open circuit at lead #6
(Q output) and all element parameters deviating signifi-
cantly. The test specimen was removed from the test pro-
gram and an internal autopsy was performed.
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Te autopsy suowed te entire silicon wafer had bhroken
loose from the glass mounting case and was suspended in
tre package by tne gold interconnecting leads. Further-
more the gold wire bond from lead #6 (Q output) had
come loose at the aluminized silicon surface.

The cause of tle failure was attricuted to poor manufact-
uring control in two areas. First in the process of fusing
the silicon wafer to the glass case substrate and secondly,
in the thermal compression boni of the gold interconnecting
wire to the aluminized silicon surface.

L.2 Parametric #ailures:

h.2.1 Test Specimen Group Type SN Y10:
b p _-¥pe

During the nigh temperature operating life test at the G537
hour measurement point, measurements of output voltage at
Voo = 6 voltsy T = 25°C indicated ttat 1l test specimens
had a marked increase (20-25%) in one or more of the MUFf™
or high voltage parameters. Tuese increases were noted
only at this measurement point as tne parameters in ques-
tion returned to approximately the values recorded pre-
vious to the 537 hour test point at the 1037 hours mea-
surement point. Further investigation indicated that the
observed deviations were "step function increases" of ap-
proximately 0.63 volts for the unloaded measurements and
0.77 volts for the loaded measurements. Analysis has in-
dicated that a temporary increase in input voltage (VCC)
of about 1 volt would produce a change of this magnitude.
The possibility of a drastic temporary parameter change
within the test specimens would be tigily improvcable. It
was therefore concluded that an input voltage regulation
failvre during a portion of the measurements at the £37
hour test point was the cause of these parameter deviations
and that they are not failures.

At the final measurements point the output voltage measure-
ments of thre "Un" or saturation voltage parameter were found
to have increased between 20% - 25% over inibtial readings
for the following conditions and test specimens.

At Vog = 3 voltsy T = 126°C: 13 test specimens at one or
more measurement points.

+Op .
At Voo = 6 voltsy T = 12U°0: 2 test specimens at ons or
more measurement points.
« <o O .
At Voo = 3 voltsy T = -t57C: 6 test specimens at one or
more measurement points.
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Lh.2.3

LR co = 3 volts; T = 29°C: B test specimens ab one or
more res! urernnt points,

411 parametric failures above occurred in 13 test cpecimens
only, and there was 1irect correlation hetween {ailures =t

all conditions. All of the parametric failures sbove were
still within the specification given for outpub "On" volhage

in paragraph 2.2.1 ani in no case did any of the test specimens
f2il functionally in the 1ife test circuit.

Test Specimen Sroup Type SN T12:

No parametric fajlures were observed Juring the test prograc.
In certain specific cases, substsntial cihanges were obssrved
in measure] parameter values, but 31l of tiesec were traced

to faulty connector contacts as lescribel in paragraph
f grap

h.1.1

Test Specimen Group Type S 519:

Yeasuremrents ol output "on" voltage a2t the 3rd cycle test
point of the thermal cycling test iniicatei the following
test specimens ha? parometer increases of 207 - 257 over

initial resdings; Test Conlitions were: V.. = ( volts;

T = -55°C. N

@]

Pest Spzciven # S5: Inpub A, Output
Test Specimen # 13: Input A, Cutput
Input 2, Cutput
Input E, Output

.n (1] (1]
] o>
SN

to

(Mes)
w

Test Speciren /18: TInput E, Cutpub
¢+ Input %, Output

Measurements of output "on" voltage at the final reasurerents
point indicate? tlie following adiitionsl test specimen hal
parameter increases of 207 - 257 over initial readings. Test

~

coniitjons were: Vo = & volts; T = -E57C.
Test Srecimen # 1C: Input 2, Outpus C

The parametric failures above were still within the specified
limite given in paragraph 2.L.1 for output "cn" voltage ani
in no case i any of tue test specimens [ail functionally
in the 1ife test circuit.
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L.3
L.3.1

h.3.1.1

Thermal Environmental Test Results:

Test Specimen Group Type SN S10:

No significant design parameter changes were noted on the
test specimens as a result of exposure to the three ther-
mally related environments. Measurement difficulties en-
countered with the design and operation of the Solid State
Module Test Set negated the original initial measurements
of output voltage and minimum clock input voltage. These
measurements were repeated after corrections were made in
the test set and procedures at the post tiermal steriliza-
tion measurement point. This occurrence did degrade the
effectiveness of the observational measurements of the ef-
fects of thermal sterilization on the test specimens but
sufficient information was available to determine that no
significant changes had occurred in the test units,

The effect of the thermal environments on the failure analy-
sis parameters measured on the test specimens were not com~
pletely positive. Certain trends did appear as explained
below but these changes were not confirmed as typical or
significant,

Output Voltage:

As noted above, the initial measurement of this parameter
were voided so that the repeated measurements after thermal
sterilization do not indicate the parameter deviational ef-
fects of this environment. However, all measurements taken
do indicate the parameters were well within the specified
limits in paragraph 2,2.1 and were closely grouped near

the respective means (See paragraph h.6.1.1).

The effects of thermal cycling on output voltages were mea-
sured at the two operational temperature extremes. An at-
tempt was made to try to differentiate the effects of an
increasing number of thtermal cycles by making 3rd cycle

and 5th cycle measurements. The results were interesting

but not significant, Comparison of initial, 3rd cycle and
5th cycle means indicated incremental changes of less than
3%. A 2" factorial test was performed on the post thermal
cycling measurements and the initial measurements. No
significance at the 95% confidence level caild be found in
the observed incrememntal changes. The effects of the humidity
environment on output voltages was not appreciable, Measure-
ments taken after this environment were compared to initial
measurements via a 20U factorial test, No significant incre-
mental parameter changes were noted assuming a confidénce
limit of 95%.
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L.3.1.2

Lh.3.1.3

Switching Time Measurements:

Initial Switching time measurements were made as specified
in paragraph 2.2.1 in regards to the output load. The
test setup was made following the procedures used at Texas
Tnstruments but no calibrating measwrement comparisons
were made with their equipment., Therefore, a measurement
deviational tolerance of 20% could reascnably be put on
tle measurements when comparing them to a standard limit.
Using this tolerance all initial switching time measure-
ments were within their respective specifisd limits, Dis-
tritutions of values were quite close to threir respective
means (see paragraph L.631.2),

Switching time measurements at the post thermal cycling
measirement, point indicated that the voltage set time
values were less than initial readings but tiie decrease
could not be considered significant,

Switciing time measurements at the post mmidity measure-
menit point again indicated tnat there were no significant
trends in tie values.

Minimum Clock Input Voltage:

Initial measurements of this parameter were not completed
until after the thermal sterilization test was performed
as explained above., This happening limited the analvsis
of the effects of thermal sterilization on this parameter
to the observation that the initial data distributions
were all well within the specified limits of paragraph
2.2.1 and the values measured were closelv grouped about
their respective meauns (see paragraph L.6,1.3),

Measurements of this parameter were made at tre 3rd and

S5th cycle test points of tine thermal cveling test to at-
tempt to find if thuere is a significant effect in the number
of thermal cycles applied. The results of this experiment
were negative. A 20U factorial test was performed on ti.e
measurements made at the post trermal cicling test point

and the initial measnurement made at the post thermal sterili-
zation test point, No siguificance at the 90s confidence
level could be attached to the incremental changes in the
results.

Minimum clock input voltage was measured at the post hmmidity
test point at ambient conditions. A 20 factorial test com-
paring this measurement with the previous initial measvre-
ment. indicated no significance could be attactied to the in-
cremental changes at a confidence level of 95%.
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L.3.1.L

L.3.1.5

h.3.2

Lh.3.2.1

T,oad Resistance:

The load resistance was measured at -55°C during tie thermal
cveling test at the 3rd and 5th crvcle test points. Tihe re-
sults indicate a definite dowrward trend in load resistance
witt: increasing thermal cyciing., Tre mean value at tue 3rd
cycle test point was 3,220 ohms wiile at the Sth cycle test
point it decreased to 3,010 ohms. These results were con-
firmed by the increase in total input current observed while
making -55°C output voltage measurements.

Diode Leakage Current:

The initial measurements of diode leakage current indicated

a wide range of values some of whici: would normally be clas-
sified as failures. (Note: diode leakage is not specified).
investigation of e measurements indicated tie test specimers
were very susceptible to external contamination which had a
marked influence on these measurements. The measurements
were repeated at the post sterilization point with a resultant
decrease in most of the individual measwurements, There was
still a wide dispersion of values however.

Subsequent. measurements were made at the 3rd and Stn cvcle
test points of the thermal cycling test. These measurements
were made at 125°C. The results indicated a wide dispersion
of values as before, Preliminary investigation of the causes
for these readings indicate that the difficulty involved in
isolating the input diode junction leakage from other elements
effects mav be the cause of some of the seemingl: inconsistant
measurement values recorded.

Test Specimen Group Tvpe SN £12:

No significant design parameter changes were observed on tre
test specimens as a consequence of exposure to tie tiree tier-
mally-related environments. Some definite shifts were rnoted
in the failure analysis parameter measurements. It is doubt-
ful that the trends could be judged as typical of tie unit,
however, Individual parameter summations are given nelow.

Output Voltage:

A1l initial measurements of ontput voltage were fo:vnd to he
well within the specified limitgiven in paragrap® 2.3,1 and
the measurements in general were clos=ly grouped arourd tieir
respective means. (See paragrapi L.6.2.1).

Cutput voltage measurements at tire post thermal sterilization
measurement point indicated no appreciable parameter change
from initial measurements.
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L.3.2.2

h.3.2.3

Measurements made at the 3rd cycle and the 5tu cycle test
point of the thermal cycling test of output voltage indi-
cated minimum incremental change of tne parameters either
at the 125°% or the -55°C measurement condition.

Post thermal cycling measurements of output voltage at
ambient temperature were checked with 20 factorial test
against previous readings made at the initial measurement
point and at the post thermal sterilization test poinht. No
significant interactions or incremental charnges were found
at a confidence level of $5%.

Output voltage measurements taken at the post humidity test

point were also checked via a 20 factorial test against the

previous readings. Again no significant interactions or in-
cremental.changes were found at a confidence level of 95%,

Switching Time Measurements:

A1l switching time measurements were made with maximum
loading on the output to obtain an indication of actual
propagation delay times to be expected in device usage.
Measurements therefore could not be directly compared to
those specified in paragraph 2.3.1. Initial measurements

in general were quite closely grouped about their respective
computed means (see paragraph 1.6.2.2,).

Switching time measurements at the post thermal cycling
point indicated an increase in delay time readings and a
reduction of rise time, storage time, and tall time readings.
These shifts in measurements were not of a sufficient mag-
nitude to indicate they were significant.

Post humidity switching time measurements also indicated
the same trends as specified above evident., But again,
the parameter shifts could not be judged significant based
on the degree of change (approximately 15% higher and 10%
lower respectively) and the inherent accuracy of the mea-
surement .

Collector-Base Leakage Curreunt:

The initial readings were generally low with only a few
scattered readings exceeding 1 ua (at T=25°C; Voo = 6 volts).

At the 3rd cycle and the Sth cycle test points, during the
thermal cycling test, the collector-~base leakage current

was measured to obtain comparative information. Readings
were obtained at the 125°C test point and indicated a de-
finite decrease in leakage current between the 3rd and 5th
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L.3.2.L

h.3.3

Lh.3.3.1

cycle test points, Tue mean value calculated for the 3rd
cvcle readings was 3L20 na as opposed *o the “th cvcle
mean of 1520 na. This marked decrease in collector-base
leakage current may be due to a reduction of internal sur-
face leakage thru a continuation of the normal passivation
tectiniques applied to these units as activatzsd by the ap-
plication of heat.

Readings taken at the post humiditv measurement point at
ambient temperature also indicated a marked reduction of
individual values when compared to initial measurements,
This would tend to support the theory given above that an
internal passivation mechanism was activated by the thermal
environments.

Input Base Resistance:

Initial measurements of this parameter indicated a
reasonably close distribution abont the mean values (See
paragraph L.€;2,)),

Input base resistance measurements were made at the 3rd

and the S5th cycle test points during the thermal cveling
test. The measurements indicated a slight downward shift

of the mean resistances. The mean at the 3rd cycle = 17,L00
ohms while at the 5th cycle point = 16,900 onms. This 3%
downward shift could not consider to be significant in it-
self,

Test Specimen Group Type SN 515:

There were no confirmed significant design parameter
changes noted on the test specimens as a result of ex-
posure to the three thermally-related environments. Mea-
surement difficulties excluded any current leakage test-
ing on the test specimens during the test. Given below
are summaries of individual parameter measurements evalu-~
ations.

Cutput Voltage:

A1l initial readings were witnin the specification limits
given in paragraph 2.L.1 and the value distributions were
in general quote closely groupad around their respective
means. (See paragraph L.6.3,1).

Output voltage measurements taken at the post thermal
sterilization test point indicated veryv little change
from initial values.
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L.3.3.2

Output voltage measurements were made at the 3rd cycle and
Sth cycle test points during the thermal cycling test. Com-
parison of the values and means at the test temperature of
1259 indicated —ery little change. Measurements made at
the test temperature of -55°C though indicated an upward
shift in saturation voltage. The initial measurement mean
was 0.151 volts while at the 3rd cycle it was 0.158 volts
and at the Sth cvele, it was 0.159 volts. While this up-
ward trend was uniform, it cannot be termed significant.

Output voltage was measursd at the post thermal cycling
test point, The mean value obtained at this point was
0.163 volts as compared to an initial mean of 0,17L volts.
A 2" Factorial test was performed on this data in compari-
son to values taken initially and post thermal steriliza-
tion, This test indicated no significant interactions cr
appreciable parameter changes could be detected at a con-
fidence level of 95%.

Output voltage was measured at the post humidity test
point. The mean value obtained at this point was 0.175
volts. This mean value was on the same test specimens as
used above. This would tend to indicate the previous read-
ings may include instrument error. As far as can be deter-
mined, the same instrumentation was used in both measure-
ments, with the same technician attending. The measure-
ments obtained were also subjected to a 20 factorial test
in comparison to data taken initially and post thermal
sterilization. No significant interactions or appreciable
parameter changes could be detected at a confidence level

of 95%.

Switching Time Measurements:

A1l switching time measurements were made with maximum
loading in the outputs to obtain an indication of actual
propagation delay times to be expected in actual device
usage. The measurements, therefore, could not be directly
compared to those specified in paragraph 2.4,1, Initial
measurements in general were closely grouped about their
respective computed mean values (see paragraph L.6,3.2).

Switching time measurements made at the post thermal
cycling test point indicated that voltage set time and fall
time values decreased slightly. These changes are not con-
sidered significant.

Switching time measurements made at the post humidity test
point again indicated that the voltage set time and fall
time measurements decreased slightly. The change (approxi-
mately 5%) is not judged significant.
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L.k Cperating Life Environmental Test Results:

h.b.1 Test Specimen Group Type SN 510:

There were no confirmed significant parameter shifts ob-
served during the coupled-sequential environmental 1ife
test of these test specimens. Results of measurement
parameter data aralysis are presented in the following
paragraphs.

Lh.h.1.1 Output Voltage:

Output voltage measurements were analyzed via the JPL
Specification ZPP-20L0-GEN A statistical format. The
computed results are presented in Appendix B. The analyvsis
was accomplished on a total test sample size of 19, with
one replacement sample in the life test logic not exposed
to the thermal environment and therefore not in test. The
eight possible output variations were analyzed on an individ-
ual basis. The analysis indicates very close grouping of
both the "Off" voltage and the "On" voltage readings except
at certain of the 537 hour high temperature operating life
measurements as indicated below.

The analysis of the output "Off" voltages with no extermal
loading is shown in Appendix B, pages 1 and 2. Some of the
measurement at the 537 hour point of the high temperature
operating life test was found to be substantially in error
due to external voltage input (Vop) variation (see paragraphn
L.2.1). Thus both the "F" test and the "t" test values for
the 537 hour measurements and the 1037 hour measurement,
when the measurements returned to control, were statisti-
cally significant. ’

Incremental data changes during the entire life test period
were slight in view of the basic sensitivity of the instru-
mentation and the inherent measurement time-tectinician var-
iability., The statistical significance indicated, at a
confidence of 95%, in the ™" tests at the 117 hour measure-
ment point of the high temperature operating 1life test and
at the 250 hour and 500 hour measurement points of the high
vacuum operating life test cannot be considered parametri-
cally significant because of basic measurement tolerances.
The general decreasing trend or drift of V off during the
life tests, however, it is to be expected in view of the
load resistance change noted in initial and final data

(see paragraph L.6)

The analysis of the output "Off" voltages with maximum
loading 48 shown on pages 3 and L of Appendix B. A partion
of the measurements at the 537 hour point of the high
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temperature operating life test was found to be grossly in
error due to external voltage input (vCp) variation (see
paragraph 11,2,1). The abrupt discontinuities in tihe data
caused by this error are indicated by tue statistically
significant "F" and "t" tests shown for the 537 hour and
1037 hour measurement points., Diiscounting the basic mea-
surement tolerances imposed by the sensitivity of the
instrumentation and the inlierent measuremevt time - teci-
nician variability,incremental data changes during the
life tests were very small. Therefore, the statistically
significant, at a confidence level of 95%, ™" test values
calculated for the 117 hour and 2000 iour (V off Q only)
measurement points of the tig: temperature operating 1ife
test and the 250 hour and 500 hour measurement poirts of
tre high vacuum operating 1ife test cannot be considered
parametrically wvalid.

The analyvsis of the output "On" voltages, both with no

load and maximum external loading is showr: in Appendix B,
pages 5 through 8. The data is very closely grouped with
standard deviations of less than 10 millivolts. A1l "'t
test values of data variability indicated no significance,
at a confidence level of 95%. At a confidence level of 95%,
all initial and final ™" test values indicated significance
data stifts in increasing values of "V on" or saturation
voltage. Scattered statistically significant ™" test ‘alues
were calculated at the intervering measurement points both
in the negative and positive directions. These values point
out the measurement variability inherent in this data.

It is concluded that a definite parametric inerease can-
not be predicted based only on the results of these mea-
surements.,

h.Lh.1.2 Minimum Clock Input Voltage:

Minimum clock input voltages measured during tre life tests
were all well within the tolerances specified in paragraph
2.2.1. TIndividual incremental changes in measurement values
at all points were small., The calculated mean values of the
measurement indicated a gradual increase in clock input volt-
age reaching a peak at the 537 hour high temperature opera-
ting life measurement point. The mean value then exhibited

a decreasing slope to the final life test measurement, The
measure criteria necessary for this particular test involves
numan judgment of a stability point whicn increases tie total
measurement tolerances that must be taken into account in
aswessing the results of these measurements. The results
indicated by this data could not be considered significant
because of these limitations.
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L.L.2

L.L.2.1

h.h.2.2

Test Specimen Group Type SN 512:

There were no confirmed significant parameter shifts
observed during the coupled-sequential environmental
life tests of these test specimens. Summaries of the
analysis of parameter measurements are presented below:

Cutput Voltage:

Output voltage measurements were analyzed via the JPL
Specification ZPP-20L0-GEN A statistical format. The
calculated resulis are presented in Appendix B, pages
9 through 1L, The analysis was accomplished on a total
sample size of 19 test specimens. One replacement sample
was used in the life tests to complete the logic pattern
put was not subjected to the thermal environment and so
was not considered a part of the test. Crne test specimen
had a non-operating input (see paragraph l.1.1.3) which
decreased the functional capabilitv of this test specimen
and measurement points of the V on (D) parameter by one.
The data was grouped for analysis by individual input
gates. The analysis results for all 6 input gates in-
dicated the parameter distribution to be very closely
gronped about the mean values, Standard deviations of
all measurement points were less than eleven millivolts.
The '"F" statistic test values, at a confidence level of
95% indicated there was no significant spreading of data
measurements at any point.

The ™" statistic test values, at a confidence level of

95%, indicated statistically significant incremental data
shifts on all initial calculations (at 117 hours, high
temperature operating life test); at 537 hours for V on (A),
7V on (B) and V on (n§ at 1037 hours for V on (B), V on (C),
ard V on (D); at 2000 hours for V on (B). - 411 values mea-
sured during the high temperature life test, Statistical
significance was also noted for the V on (E) 250 hour and
500 hour measurement points during the high vacuum oper-
ating life test. The shifts could not be termed signifi-
cant in an engineering sense due to tie inherent measure-
ment tolerances that were present. It was concluded that
no parameter trends were evident in this data.

Current Gain:

D.C, current gain measured during the life tests did not
deviate significantly at any point. Calculated mean values
exhibited less than 1% shift during the life tests., The
data was fairly closely distributed throughout the life
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h.h.3

h.h.3.1

L.h.3.2

tests. No apparent parameter shift was noted at any mea-
surement point,

Test Specimen Group Type SN 51C:

There were no confirmed significant parameter shifts ob-
served during the coupled-sequential environment life tests
on these test specimens, Summaries of parameter analysis
findings are shown below.

Cutput Voltage:

Output voltage measurements were analiyzed via the JPL
Specification ZPP 20LO CEN A statistical format. The
computed results are presented in Appendix B, pages 15
through 18, The analysis was started on a total test
sample size of 20, although two test specimens had re-
duced operational capability (see paragrapr L.1.1.1)
which resulted in a reduction of one in tre V on ACo

and V on K Eo parameters sample size at the initial

data point. The sample size for the V on B Eo parameter
was reduced by ese at the 117 hour measurement point of

the nhigh temperature operating life test because of ex~
ternal damage (see paragraph L.1.1.). The total sample
size for this group was reduced by one at the final test
point because of external damage (see paragraph l.1.1.).
The analysis indicates a very close distribution of satur-
ation voltages throughout the life tests., Standard de-
viations were less than 5 millivolts at all measurement
points. The calculated "F" statistic test values showed
no significant data spreading at a confidence level of
95%. There was only a minimum amount of parameter change
noted in the resultant data. The ™" statistic test values
calculated indicated statistical significance, at a con-
fidence level of 95%, at the 537 hour measurement point

on all parameters, at the 1037 hour measurement point

for the V on A Coand V on B Co parameters; at the 2000
hour measurement point for the V onB Co and V on B Eo
parameters; and at the 250 hour and 500 hour measurement
points for the V on B Co parameter., The statistical tests
above were of a sensitivity much greater than the measure-
ment tolerance inherent in this test. It is concluded that
no detectable parameter shift,was visible in these results.

Current Gain:

D, C. current gain measured during the 1life tests did not
deviate significantly in any direction. The calculated
mean values of the data rose to a maximum at the 117 hour
measurement point then shifted dowrward during the re-
mainder of the life tests., This downward trend was slight
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L.5.3

and was actually reversed at the final measurement point,
Total mean deviations were less than 74 over the complete
1life tests. It is concluded that no definite parameter
shift was found in this test.

Mechanical Environment Test Results:

Test Specimen Group #94; Tyvpe SN 510:

There were no failures of the test specimens during the
two mechanical tests. The original test group #9, because
of external and internal failures of test specimens during
previous testing, was completed with substitute test speci-
mens, units #9, #10, and #11.

As the primary motive in performing these tests was to
examine for mechanical deficiencies which are usually
detectable by large parameter shifts or failures, little
measurement data analysis was attempted. A survey of the
measured data - output voltage and minimum clock input
voltage indicated very little change at any of tne mea-
surement points. Minimum clock input voltage increased
slightly during the tests but the movement was not suffi-
ciemt to be indicative of any trend.

Test Specimen Group #94; Type SN 512:

There were no failures of the test specimens during the
two mechanical tests. The original test group #9, be-
cause of an external failure of a test specimen during
previous testing, was completed with the addition of test

~specimen, Wnit #9.

As the primary motive in performing these tests was to
examine for mechanical déficiencies whnich are usually
detectable by large parameter shifts or catastrophic
failures, little measurement data analvsis was attempted.
A survey of the measured data-output voltage and current
gain showed a minimum of parameter shift at all readings.

Test Specimen Group #9A; Type SN £15:

There were no failures of the test specimens during the two
mechanical tests. The original test group #9, because of

an external failure of a test specimen during previous test-
ing, was completed with the addition of test specimen, unit

#9.

As the primary motive in performing these tests was to
examine for mechanical dficiencies, which are usually de-
tectable by large parameter shifts or catastrophic failures,
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L.6

L.6.1
Lh.6.1.1

little measurement data analysis was attempted. A sweveyr
of tie measured data-output voltage and current gain showed
a mirimum of parameter shift at all measurement points.

Discussion of Initial and Final Measurement Nistributions:

Histogram presentations were constructed of all pertinent
initial and final data measurements. The mean value and
the standard deviation of each data distritution was alsc
calculated and presented with thie ristograms im Tolime III
of this reporte

Test bpecimen Croup Type SN510:

Output Voltage:

Histograms of tire oatput voltage initial and final mea-
surements are shown on pages 61 to 108 of Volume III., The
representations in general were skewed witn maximum incre-
mental area at low voltage. Certain instances of supposed-
1y significant parameter and data spread shifts in the fol-
lowing histograms were the result of the extraneous causes
indicated below:

1. Page No. 65, (Volume III)3; open-off, initial nistogram;
-55°C; 3 volus - the data included a point from failed
test specimen #19 which biased the distribution signi-
ficantly.

2. Page No. 66, (Volume III); open-off; final histogram;
-55°C; 3 volts - The data included a point from test
specimen #L which experienced iutermittent connector
contact problems,

3. Page No. 89, (Volume III); open-off; initial histo-
gram; -55°C; 6 volts - The data included a point from
failed test specimen #19 which biased the distribution
greatly.

L. Page 91 (Volume III); shut-off; initial histogram;
-55°; 6 volts - The data included two points from
test specimen #20 which experienced intermittent con-
nector contact problems.

5. Page No. 108 (Volume III); short-off; final histo-
gram; +125°C; 6 volts - The data included a point
from test specimen #1 which experienced intermittent
connector contact problews,

With the exclusion of the above parameter readings, the
data distributional spreads were considered reasonable.
There were specific instances of data range increases be-
tween the initial and final measurements which coincide
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h.6.1.2

L.6.1.3

Lh.6.1.h

with the analysis results presented elsewnhere in this re-
port. (See paragrapns L.?.1 and L.L.1.1) Typical ranges
for output "on" voltages are from 0.075 volts to 0.105
volts (3 volts, all temperatures, final and initial);

for output "off" from approximately 0.25 volts initial

to 0.52 volts final. (3 volts, all temperatures). Ranges
for the 6 volts operating level are proportionately higher
but otherwise do not vary significantly.

Switching Time Measurements:

Histograms of the initial and final switching time mea-
surements are shown on pages 1 to 60 of Volume III. The
representations were generally approximately normal in
character. Through an inadvertent data transmission er-
ror, a few of the histogram presentations included mea-
surements of some greatly degraded and/or failed test
specimens which biased these presentations. Excluding
these values from consideration, all switching time mea-
surement distributions had small range values. An in-
creasing parameter drift was observed on the storage time

and fall time measurements at all temperatures and voltages.

This drift was not sufficient to be considered significant.
In all cases the incremental change in the mean values was
less than 15%.

Minimum Clock Input Voltage:

Histograms of the initial and final minimum clock input
voltage appear on pages 109 to 120 of Volume III. The
distribution representations of the data were linear-
normal in shape with fairly close spreads indicated for
all presentations, Data ranges were approximately 0,01
volts initial to 0.02 volts final (3 volts, all tempera-
tures) and 0,02 volts initial to 0,03 volts final (6 volts,
all temperatures). This spreading of the data range be-
tween the initial and final readings is not considered
significant in view of the initial very close groupings,
and inherent data measurement variability.

Minimum Set and Reset Voltage:

Histograms of the initial and final minimum set and reset
voltages appear on pages 121 to 128 of Volume III. Distri-
bution representations were skewed with maximum area ap-
pearing at low voltage with data ranges of 0.5 volts to
0.7 volts (3 volts) and 1.3 volts to 1.6 volts (6 volts).
These ranges are quite high considering the values of the
mean measurement, 0,35 volts and O.43 volts respectively.
This wide spread in values may account for certain in-
stabilities noted in the operating life tests (see para-
graph 5.1) Tt should also be noted, however, that there
was no significant unbalance evident in the calculated
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evident in the calculated mean values of the Vp1 and Vpo.
(Set and Reset) data.

Lh.6.1.5 Load Resistance:

Histograms of the initial and final load resistance mea-
surements are shown on pages 129 and 130 of Volume III.
The representations are normal in shaping with fairly
wide data ranges (2700 ohms initial and 2500 ohms-final).
The data mean values indicate an increase in total re-
sistance. This is in comtrast to the decreasing load re-
sistance measurement noted during thermal cycling (para-
graph 4.3.1.h). In both cases however, the amount of data
shift was not adequate to definitely confirm the signifi-
cance. It is nheld that the results indicate a certain
instability in the resistive substrate of these test speci-
mens which is subject to certain aging variations,

b.6.2 Test Specimen Group Type SN512:

h.6.2.1 Output Voltage:

Histograms of the initial and final output voltage measure-
ments appear on pages 191 to 202 of Volume III. Distri-
bution presentations were approximately normal in shapings
with voltage ranges of 0,90 volts initial to 0.110 volts
final (3 volts; -55°C); 0.122 volts (3 volts; +25°C and
+125°%C) and 0,17 volts (6 volts -55°C); 0.183 volts (6
volts +25°% and +125°%). The ranges indicated above do
not seem excessive and the calculated respective data

mean values did not vary significantly.

L.6.2.2 Switching Time Measurements:

Histograms of the initial and final switching time measure-
ments appear on pages 131 to 190 of Volume III. All data
distributions appear approximately normal in character
with data spreads that were not considered excessive in
view of inherent data measurement variations.

Distributional data mean comparisons indicated increasing
parametric values of delay time, rise time and fall times
and decreasing values of storage times as a result of the
environmental testing. The incremental changes of these
parameters (at all temperature and voltage measurement
points) were not sufficient to attribute engineering signi-
ficance to the results.

k.6.2.3 Current Gain:

Histograms of the initial and final current gain measure-
ments appear on pages 203 to 206 of Volume III. Distribution
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h.6.2.4

Lh.6.2.5

L.6.3

- h.6.3.1

h.6.3.2

representations are skewed in siape with maximum area in
the low current gain region., Data ranges are not exces-
sive at any of the measurement points, No incremental
mean value changes were discernable between initial and
final data.

Input Base Resistance:

Histograms of the initial and final input base resistance
measurements are shown on pages 207 to 210 of Volume ITI.
Distribut ion representations are approximately normal in
character. Data ranges are about 15,500 ohms initial to
14,500 ohms final, No appreciable data mean value changes
were noted as a result of the environmental testing.

Load Resistance:

Histograms of the initial and final load resistance mea-
surements appear in pages 211 to 21l of Volume III. Dis-
tributional presentations approximated a normal curve in
all cases with a range of about 1500 ohms. No incremental
mean value change was noted as a result of the testing
imposed.

Test Specimen Group Type SNG515:

Cutput Voltage:

Histograms of the initial and final output voltage mea-
surements appear on pages 335 to 346 of Volume III. Data
presentations approximated a normal curve in shaping with
a data spread generally closely grouped. (Approximate range
was 0.08 volts). There was a minimum amount of incremental
parameter change noted between the initial and final mean
values,

Switching Time Measurements:

Histograms of the initial and fimal switching time measure-
ments appear on pages 215 to 23k of Volume IJI. The data
presentations indicated most distributions were approxi-
mately normal in character. Data spreads, for the most
part, were not excessive, There were little incremental
parameter mean value changes indicated. The delay time
and rise time measurement mean values of the "C" and "E"
(one invertor stage propagation) increased approximately
15% and 20% respectively over the range of temperatures
and voltages observed. This change was not considered
significant in view of the inherent measurement accuracies
involved.
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h.6.3.3

h.6.3.k

Current Gain:

Histograms of the initial and final current gain measure-
ments appear on pages 3L7 to 350 of Volume III. Presenta-
tions indicate the distribution is approximetely normal in
shaping, Total data spreads are approximately 160 initial
to L0 final on the -55°C data indicating a marked tightening
of the current gain distribution as the specimens were sub-
Jected to the tests. The mean current gain value at -55°
decreased 13% from the initial value., Data taken at the
25°C temperature point did not indicate this changs, in
fact, the spread of values actually increased slightly.

Load Resistance:

Histograms of the initial and final load resistance mea-
surements appear on pages 351 and 252 of Volume III,

Data presentations approximate a normal curve with a range
of about 1100 ohms. No incremental mean value changes were
observed in the data as a result of the environmentsl test-
ing.
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Reliability Estimates:

Reliahility estimates were calculated based on the avail-
able environmental life test data. The estimates were
based on the assumption of an exponential failure rate
distribution. The report: Statistical Techniques in
Life Testing, Chapter III, Tecinical Report #L under
Contract NOUR 2163 (00) (NR-0L2-018); dated January 15,
1959 by Benjamin Epstein was used for background and
equations.

As there were no catastrophic or parametric failures ob-
served during the life tests, the failure rates can be
estimated with a one~sided limit only.

Reliability Estimate
(Lower Limit Only)
%4 per 1000 hours

Test Specimen 50% Confidence 90% Confidence
SN 510, SN 512 1.39 L.61
SN 515 1.h6 4.85
SN 5-- Series 0.L78 | 1.59

The estimates presented here are based on a minimum amount
of 1life information (for this type of data reduction) and
should be used only as an indicator of device reliability
life potential.

AN
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L.8 Composite List of All Test Failures:

Catastrophic Failures:

Type Unit Failure
1. SNS10 #5 lead #1 broken
2. SN510 #6 lead #1 broken
3. SNS10 #16 Mounted in a reverse-transposed direction
L. SN510 #18 Mounted in a reverse-transposed direction
5. SN510 #19 Silicon wafer dislocated
6, SN512 #3 Test Connector failed
7. SN512  #17 Test connector failed
8. SN515  #1 Leads #1,2,4,5, and 6 broken
9. SN515 #8 Lead #1 broken
10. SN515  #15 Lead #L broken
Parametric Failures:
11, SN510 #1 At Final Measurements - 3 volts, +125°C-
Vggt increased,
12, SNS10 #2 At final measurements - 3 volts, +125°C-
3 volts -55°C - Vg,4 increased.
13. SN510 #3 At 537 hours High Temperature Life-
Improper input voltage regulation --At
Final Measurements - 3 volts, +125°-
Vsat incressed.
14, SNS10 #L At 537 hours High Temperature Life --
Improper input voltage regulation -- At
final measurements - 3 volts, +125°C;
6 volts, +125°C; 3 volts, +25°C- Vg4
increased,
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.8 (Cont, )

Parametric Failures:

Type

15.

16.

17.

18.

19.

20,

21.

22.

23.

2L,

25.

SN510

SN510

SN510

SNS10

SN510

SN510

SN510

SN510

SN510

SN510

SN510

Unit

Failure

#5

#6

#7

#8

Ry
el

#10

#11

#12

#13

#1h

#15

At 537 hours High Temperature Life -
Improper input voltage regulation --

At Final Measuwrements - 3 volts; +125°C-
Vsat increased.

At 535 hours High Temperature Life -
Improper input voltage regulation.

At 535 hours High Temperature Life -
Improper input voltage regulation ---
At final measurements - 3 volts, +125%C;
3 volts, -55%; 3 volts, +25%C - Vgt
increased.

At 535 hours High Temperature Life --
Improper input voltage regulation---

At final measurements - 3 volts, +125%C;
3 volts, -55°C- V. , increased.

At £35 howrs high temperature life -
improper input voltage regulation ---
at final measurements - 3 volts, +125%-
Vgat increased.

At 535 hours High Temperature Life -
Improper input voltage regulation.

At 535 hours High Temperature Life -
At Final Measurements 3 volts, +125°% -
Voot increased.

At final measurements - 3 volts, +125°C-

Vsat increased.

At 535 hours High Temperature Life -
Improper input voltage regulation.

At final measurements - 3 volts, +125%;
3 volts, -55°%C; 3 volts, +25°C - Vggy
increased,

At 535 hours High Temperature Life - Im-
proper input voltage regulstion --- At

Final Measurements - 3 volts,+125°C; 6 volts,

+125°C; 3 volts, -55°C; 3 volts, +25°C -
Vsat increased.
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4.8 (Cont.)

Parametric Failures:

Type Unit Failure
26. SN510 #14A At 535 hours High Temperature Life -
Improper input voltage regulation
27. SN510 #17 At 535 hours High Temperature Life -
Improper input voltage regulation.
28, SN510 #20 At 535 hours High Temperature Life -
Improper input voltage regulation.
At Final Measurements - 3 volts, +125°C;
3 volts, -55°C; 3 volts, +25°%C - V.
increased,
29. SN515 #5 At 3rd cycle Thermal Cycling - 6 volts,
-55% - Vgat increased.
30, SN515 #10 At Final Measurements - 6 volts, -55°C
v increased.
sat
31. SNS15 #13 At 3rd cycle Thermal Cycling - 6 volts,
-55°C - Vg,¢ increased.
32. SN515 #18 At 3rd cycle Thermal Cycling - 6 volts,
-55°% - Ve qt increased.
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5.0

c.1

“proved the test specimens physically able to withstand

GENERAL DISCUSSION OF TEST RESULTS :

Test Results:

The overall test program was judged as successful in ac-
complishing the objectives as called for in the original
test design. Secondary problem areas were found, how-
ever, that must be solved before the devices may be said
to be fully qualified for usage.

these environments., No significant change could be detec-
ted in the applied measurements after any thermal environ-
ment that would prove indicative of a serious problem area.

There were no parametric measurement shifts noted during
the thermal sterilization tests that could be attributed
to intrinsic device instabilitities. It is concluded that
there should be no device degradation expected when sub-
jected to a similar thermal sterilization process in prac-
tical usage.

There were no significant design parameter changes noted
during the thermal cycling tests, although three test
specimens did fail parametrically as defined in paragraph
3,6.1.2. In this occurrence, and in the case of the para-
metric failures at the final measurement point, the "failed"
units operated functionally with no noticable degradationm.

It was concluded from these and other test findings, that

the parametric failure criteria as initially stated for ——
this test (see paragraph 3.6.1.2) is nct adequately adapt-

able for use in evaluating these test specimens. This in-
sufficiency of comprehensive parametric failure criteria

should be corrected as an adjunct to any purchasing speci-

fication control document. This would be necessary to suf-
ficiently define acceptance and inspection procedures.

The significant failure analysis test parameter deviations
noted during the thermal cycling test, i.e., load resistance
reduction in the type SN510 and collector-base leakage cur-
rent in the type SN512, should be considered to be individ-
ual characteristics of the particular test specimens and
should not, at this time, be considered to be indicative

of any major manufacturing control problem. Also tending
to decrease the significance of these findings is the fact
that there was no provable correlation of these changes
with device functional changes.
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There were no apparent changes in the test specimens when
subjected to the humidity environment. It was concluded
from the test results that there was no container seal
problem. It should be noted, however, that Texas Instru-
ment has changed to an all welded package for this Series
51 line since these test specimens were manufactured.

(The test specimens were mounted in a depressed rectangular
glass bowl containing the hermetically sealed-in-glass

lead tabs and was enclosed with a solder sealed metal cover).
The present manufacturing methnod uses metal covers with a
hermetically sealed glass ring enclosing the lead tabs,

The introduction of a new packaging arrangement opens the
question on the device comtainer seal effectiveness again,

There was an insignificant amount of measurement parameter
deviations noted during the sequentially-coupled operating
life tests. But a basic problem was found in the area of
functionally evaluating the test specimens by simple mea-
surements of D, C, parameter changes. The life test logic
was actively switched at a basic clock frequency of 100KC.
Device monitoring facilities were provided for but no self-
detecting circuitry was available to investigate the inter-
mittent malfunctions that occurred during the life test.
These errors, which consisted of missed counts, could be
observed in the final staging areas but tracing to the
initial source could not be accomplished. Intermittent
errors were observed throughout the life testing program
but tracing efforts to locate the exact causes of these
malfunctions were unsuccessful, Extraneous influences on
the 1ife test, such as a result of conducted or radiated
signals were reduced to a minimum within the confines of
the test criteria. Attempts to definitely link the inter-
mittent malfunctions noted in the life test with any mea-
sured test specimen parameter has in general, proved fruit-
less. One possible clue may be the degree of unbalance
measured between individual minimum "set' and "reset" volt-
ages on the SNE10 test specimens. Mean values of the mea-
surements have indicated 1little incremental change or im-
balance during the course of the test. A mean value of

the degree of unbalance is 0,1L8 volts (4 volts, »5°C,
final) which is 37% of the data mean value. More infor-
mation is necessary to prove that this unbalance was re-
lated to the observed intermittent failures. This un-
solved problem area should be investigated before the
devices can be fully accepted for usage.

There were no significant problems observed as a result

of the mechanical environmental testing, It must be noted
however, that a new package arrangement is now being used
by the manufacturer, which to an extent, negates the re-
sults of this series of tests.
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5.2

General Conclusions:

When this testing program was past the preliminary stages

of development and fulfillment, it was realized by all con-
cernsd, that the project could be defined most accurately
as a test developmental program, that would, along with

the basic evaluation requirements, seek to find some answers
to allied problems as discovered.

Early in the test, many problems were noted with the mount-
ing configuration used for this test. It was recessary,

due to the requirements of a humidity test, to mount the
test specimens free of any encapsulating medium. The mount-
ing method used resulted in two problems.

The open mounting method invited lead tab breakage during
handling of units for measurement set-ups. The other pro-
blem was an extermal one of using a mounting connector,
which was unproven at that time and which resulted in con-
nector contact problems. As a result, it is concluded that
in future testing of these devices, mechanical test design
is of paramount interest and necessity. Encapsulation of
the unit, which would be the normal usage mounting techni-
que should be used in testing whenever possible.

Especially noticable in the operating life test portion of
the program was the uncertain correlation between the spe-
cified D. C. measurement parameters and the functionally
active digital usage to which these devices will be sub-
jected. The untraced intermittent malfunctions observed
then resulted essentially in an unsolved problem area.

It is believed that selected D, C. measurements plus cer-
tain switching time measurements would present the most
complete evaluation picture of these test specimens.
Listed below are what are considered to be, at first in-
spection, some of the mare important measurement parameters.

1. Output "OFF" voltage

2. Selected Output "ON" voltages

3. Minimum Set and Reset voltages

L. Minimum Clock voltage

c. Propagation time

6. Fall Time

7. Rise Time
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6.0

6.1

6.3

6.

RECOMMENDATIONS :

The test devices - Texas Instrument Series 51 integrated
networks have qualified to the test environments and by
the measurements specified in this report. However, cer-
tain problem areas remain and so the following additional
tests are recommended:

High temperature operating 1ife incorporating self-detection
circuitry for possible intermittent failure detection., Test-
ing should be evaluated based on active circuits measure-
ments and operation.

High pressure leak tests (Joy Bomb) to determine integrity
of the redesigned container seals.

Vibration and shock tests to determine adequacy of the
redesigned container.

Further definition of evaluation measurement techniques to
obtain the most desirable and adequate device purchase and
acceptance specifications.
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APPENDIX A

DESCRTPTION OF

SOLID STATE MODUIE

TEST SET
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GENERAL NOTES:

1. The test set fromt panel selector switches shall be designated by
number as indicated below, for clarity and efficiency:

S1 - SNS512 and SN515 Test Selector
S2 - SN512 and SN515 Gate Selector
S3 - SN510 Test Selector

S6 -~ Unit Selector

2. Auxiliary Test Equipment
a) Wi
wm?2 Jom Fluke Model 803 or equivalent
™3

b) IM1 - Hewlett Packard Micro Volt-smmeter Model 425A or
equivalent

IM2 - Same as M1
c) IM3 - Westinghouse type PX-ll; or equivalent
d) Clock Pulse (C.P,) =~ Rutherford B-7 or equivalent
e) DC Voltage Inputs - Hewlett Packard, Model 7214 or
equivalent :

3. The following test for the SN series devices are described employing
€V DC. These tests may be done at 3V DC by providing data sheet or pre-
determined Logic Levels corresponding to Voo = 3V DC as the inputs.

L. CAUTION:

All switches, Rl and R2 while not being used for uwnit under test,
must be in the "OFF" or in the extreme left position}

5. No calibration is required for this Test Set.
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I Micro Electronic "NOR" or "NAND" Gate SN512 Electrical
Measurements.
A. Transistor Leakage Current, Icpo

B.

1.

2.
3.

Connect meters and power, and position the SN512
Teat Control switches as indicated below.

A.
B.
C.
D.

E.

F.

G.

Connect an ammeter to jacks indicated as Iml.
Position S1 to "Inpy".

Position S2 to ™A%,

Position S6 to “SNS12n,

Position the SN512 "LOAD SELECTOR" switch to
"N - 0'.

Position all other switches to “OFF" or to the
extreme left.

Apply 6 or 3 VDC ¢t .1% to the front panel jacks
designated as + DC input.

Read and record Iml.,

Repeat A.2 with S2 in positions "B* through "F%,

Circuit Load Resistance Measurement RL;

1.
2.
3.
L.

5.

Position S1 to "RL".

Position S2 to "A" only.

Connect a voltmeter to jacks indicated as Vmi.

All other switches, meters, and power as for Test

I.A.

Read and record Vml and Iml.
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Ce

D.

E.

Transistor Base Resistance Measurement RB.

1.
2.
3.

L.
S,

Position S1 to "RB",
Position S2 to A",

All other switches, meters, and power as for Test
I.A.

Resd and record Vml and Iml.

Repeat C.L with S2 in positions "B" through "Fw,

Transistor Gain Measurement, Beta.

1.
2.
3.

L.
Se
6.

Position S1 to Beta.
Pogition S2 to "Aw,

All other switches, meters, and power as for Test
I.A,

Adjust R2 wntil 1VDC ¢ ,1¥ is indicated on Vml.
Read and record Iml and WVml,

Repeat D.L and D.5 with S2 in positions "B* through "F%,

On~-0ff Voltage Level Measurements.

1.
2.
3.
h.

5.

6.
Te

Position S1 te "On-0ff Level".
Position S2 to “A",
Connect a voltmeter to jacks indicated as Wm2.

All other switches, meters, and power as for Test
I.A.

Adjust R2 wntil a minimum voltage is observed on
Vml.

Read and record Vml and Vm?2.

Adjust R2 wntil & maximum voltage is observed on
ml.
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9.

10.

Read and record Vml and ¥m2.

Position the SNS512 "LOAD SELECTCR® switch to "N-5"
and repeat steps E.S through E.8.

Repeat E.5 through E.9 with S2 in positions "B"
through “Fv,

Page 5 of 17
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"NOR™ or "NAND"™ GATFE SNS512 DATA SHWET

Table 1

Transistor Leakage Current I
cbo

52 - GATE Iml = cho Temperature

A Vee =

B T —————

C

D R ———

F

Table 2
Circuit Load Resistance RL

Vml = Temperature
Iml = Vee =

RL = Vml/Iml

Table 3

Transistor Base Resistance RB

Temperature
Vece =
S2 - GAT® Iml Vml RB = Vml/Iml
A et nm——
B —— o ——
C ae— ——— ———————
D —— n—c——
E ———— ————
F ——— mmm——
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Table L

Transistor Gain, B

Temperature
Vce =
S2 - GATE Iml Vml B = 1073/Iml
A - - -
B R — —————
c - - -
D e ————— A —
E S ——— R ——
F A — S ————
Table S
ON-OFF Voltage Levels
Temperature
Vee =
52 - GAT® A B c D E F
= ¥ml
ON
Vm2
Vml
OFF
Vm2
Vml
ON
Vm2
Vml
OFF -
Vm2
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MICRORLSCTRONIC "RXCLUSIVE CR™ NWIWCRK SNS15 ELECTRICAL

MEASUR™MENTS:

A.  Transistor Leakage Current, Ingn

1., Connect meters and nower, and nosition the SN515
test control switches as indicated below.

a. Connect an ammeter to jacks designated as
"Iml™,

b. Position S1 to "I ",
£30
c. Position S2 to "A",

d. Position S6 to "SN515%,

e, Position the SN515 "LOAD SRLECTOR™ switch
to "N = (O,

f. Position all other switches to "QOFF" or to
the extreme left,

2, Read and record Iml.

3. Repeat A,2 with S2 in positicns "B" tkrough "D",
Be Circuit Load Resistance Measurement, RL

1. Position Sl tox"RL"

2. Position te SN515 "CUTPUT SELECTOR" switch to

"ce.
3+ Connect a voltmeter to jacks designated as Vml.

4. All other switches, meters, and vower as for
test I.A.

5. Hhead and record, Vml and Iml.

6. Repeat B.5 wit. the SNS15 "™OUTPUT SELECTOR"
switch in positions "D" and "En,

C. Transistor Base Resistance Measurement, R
B

1. Position 51 to "Rg"

2. Position S2 to ™A,

3. Connect a voltmeter to jacks designated as Vml.

ko All other switches, meters, and power as for
test 1 oA,

S. Read and record Vml and Iml,

6. Repeat C.5 with S2 in positions "B" througn "D",  Ppage 8 of 7-002L
]7 . e
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1.
2.
3.
L.

5.
6.
Te

1.

2,

3.

L.

e
10.

11,

13,

W W T U W e TN W W TEr W S W) UES vy e ey . vy weay

De Transistor Gain Measurement, Beta

Position Sl to Beta.
Position S2 to "A",
Cornect a voltmeter to jacks designated as Vml,

All other switches, meters, and power as for
test I,A.

Adjust R2 until 1 VDC + ,1% is indicated on Vml,
Read and record Iml and Vml,

Repeat D.S5 and D.6 with S2 in positions "B"
through "D%,

E. ON=-OFF Voltage Level Measurements,

Position S1 to "ON=-QFF L®WVWLY,
Position S2 to MA".

Position the SN515 "CUTPUT STLECTOR"™ switch to
ncn.

Connect voltmeters to jacks designated as Vml
and Vm2,

A1l other switches, meters and power as for
test IT.A.

Adjust R2 until a minimum voltage is observed
on vml,

Read and record Vml and Vm2,

Adjust R2 until a maximum voltage is observed
on Vml,

Read and record Vml and Vm2,

Position the SNS515 "LOAD SELECTOR"™ switch to "N=4"
and reoeat steps E.6 through E.S.

Position S2 to "B" and repeat E.6 through E,10
Position the SN51S "OUTPUT S"LECTOR" switch to "D®
and the SNS515 "LOAD STLECTCR"™ switch to "N=QOW

and reveat E,6 through E.9.

Position the SN515 "LOAD SRLECTCR"™ switch to "N=&"
and repeat B,6 through B,9.

Position S2 to "C" and the SN515 "QUTPUT SRLECTOR"
switch to "E® and repeat E.6 through E.10,

Page 9 of 17 7-002}
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15, Position 52 to "D" and repeat E.6 through E.10.
16, Repeat E,12 and E.13

17. See Table 10 for clarity.
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52

OUTPUT
SELECTOR

c

D

"

S2

GATE

Wi = N

WSXCLUSIVE OR™ NTUIWORK ~ SN515 DATA SHEET

GATE

Vml

Taole 6
Transistor Leakage Current, cho
Temperature
Iml =1
cbo
Table 7
Circuit Load Resistance, RL
Temperature
Iml R_= Vml/Iml
Table 8
Transiator Base Resistance. R.
Temperature
Iml Vml R3 = Vml/Iml
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Table 9
Transistor Gain, Beta

Temperature

82 GATR Iml Vml B = 10'3/Im1
A 1
B 2
c b
D 5

Table 10

E, ON-OFF Voltage Levels
Temperatyure

S2 GAT® ON - OFF
52 Gate OUTPUT LOAD Vml m2 ml Vm2

N=0
A 1l C N=];

N=0
B 2 c V=1

N=0
B 2 D N=5

N=OQ
c l E =5

N=0
D 5 5 N=1,

N=0
D 5 D N=T

|
|

Page 12 of 17 7-002L
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111 Flip-Flop Network SN510
Electrical Measurements

A.

B.

C.

Diode Leakage Current, Ico
l. Connect meters and power, and position the
SN510 Test Control Switches as indicated
below,
a. Connect an ammeter to jacks indicated as Iml,
b. Position S3 to "I70 Diode".
c. Position S6 to "SN51C".
de Positioun the SN510 "QUTPUT" switch to "M,

€. Position the SN510 “QUIPUT SELRGCTCR™ switch
to "1n,

f. Position all other switches to the BOFFM
position or to the extreme left.,

g Aonly 6 or 3VDC + .1% to the front panel
"s" and repeat 4,2

Circuit Load Resistance, Rl.

l. Position S3 to "RL" and the SNG10C WOUTPIT SRL~
BCPTOR" switch to "M,

2. All other switches, meters and power as for
test III.A.

3. Read and record Iml, and +DC input.

L. Position the "OUTPUT SELECTOR" switch to "2®
and repeat B.3.

On-Off Voltage Level Measurements.
l. Position S3 to “ON-OFF" level.
2. Connect a voltmeter to jacks designated as Vml.
3. Connect a voltmeter to jacks designated as Vm2.

. Place a voltmeter (Wm3 from + to “GND" on the
"Flip-Flop output™ jacks.

5. Apply a +6 VDC through a current meter (im3)
to jacks designated as +DC input.

6. Apply -15VDC + 104 to jacks designated as -DC
input.

Page 13 of 17
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Te

9.

10.

11.

12.

13.

1k,

Position ~DC input switch to 6 or 3V depending
on + DC input being used.

Adjust R1 and R2 until 2.5 VDC is observed on
Vil and Vm2.

Activate and hold the "PRESS TO SET" switch and
read and record Vm3 and the power input curremnt
Im3.

Position the SN510 "OUTPUT" switch to "Q"
and again activate the "PRESS TO SET" switch
and read and record Vm3.

Activate and hold the "PRESS TO RESETY switch
and read and record ¥m3 and Im3.

Pogition the "OUTPUT" switch to "Q" and again
activate the "PRESS TO RESET®" switch and read
and record Vm3.

Place a shorting lead from "+" to "-" on the
panel jacks indicated as "FLIP-FLOP OUTPUT®
and repeat E.7 through E.10.

(Leave setup for following tests).

D. Minimum Clock Pulse Input.

1.
2.
3.

L.

Position S3 to the counter position.
Adjust R2 until 0.35 VDC is observed on Vm2.

Set the clock pulse generator (counter pos.) to
provide the following output:

a) 100 K cps.

b) 100N sec. rise time.
¢) 0.5n sec. pulse width.
d) Positive pulse.

Record the clock pulse amplitude.

E. Minimum set and reset voltages (VS).

1.

2.

Position S3 to "ON-OFF LEVEL".

Apply a 2 VP clock pulse, Vecc « 3 Volt, apply a
ly VP clock pulse, Vec =z 6 Volts, as described in
FoSo -

Adjust R2 until 0.25 volts is observed on Vm2.
Pogition the SN "OUTPUT" switch to "Q",

Activate the "PRESS TO SET" switch.

Poava 1h nf 172

0ot




T
8.
9.

10.

11.

Adjust Rl until Q "sets high", this will be
indicated on the scope by a step from a low
to a high voltage.

Read, and record Vml,

Adjust Rl until 0.25 volts is observed on Vml.

Activate the "PRESS TO RESET" switch and note
that the scope indicates a high voltage.

Adjust R2 until Q "sets low", i.s., the scope
indicates a low voltage.

Read and record the voltage indicated on Vm2.

Page 15 of 17
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FLIP-FLOP NETWORK SN510 DATA SHEET

Table 11

Diode Leakage Current, Teo

Temperature
Vee
OUTPUT SELECTOR Im = I,
1
2
Table 12
Circuit Load Resistance, Ry,
Temperature
Vee
OUTPUT SELECTOR +DC INPUT Iml R2 = +DC/Iml
1
2
Table 13
Base and Base to Collector Coupling Resistor, RB
Temperature
Vee
OUTPUT SELECTOR +DC INFUT Iml Ry -~ +DC/Iml
1(Qto Q)
2 (T t0 Q)

A —————
S ———

3. (Base of preset)

Page 16 of 17 /-002L



Table 15

n=-0ff Voltage Levels

+ and - (Im3)
FLIP FLOP OUTPUT SWITCH DEVICE CON- PWR. SUPP
JACKS DITION CURRENT

SET
Q
RESET
OFPEN
- SET
Q RESET
SET
Q
RESET
SHORTED
- SET
Q
RESET
Table 17

Minimum Clock Pulse Input

Temperature

Vep min. = Vee

Table 18
Minimum Set (VS) and Reset (V,g) Voltages

Temperature

Vee

Part

H.?Vs: Vml =

Hal Vpg = Vm2 =

Page 17 of 17
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APPENDIX B

JPL Specification
7PP20L0 - CEN A
Statistical Format
“"alculations for
Environmental Life Tests
Measuremerit Data

LIBRASCOPE DIVISION
General Precision, Inc.

GLENDALE, CALIFORNIA
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